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(54) Data transmitting node, and network inter-connection node suitable for home network 
environment 

(57) A data transmitting node and a network inter- 
connection node suitable for use in the home network 

-environment. In a-ease-of-transmitting-information data ~ 

from a data transmitting node connectedwith a physical 
network to a receiving node connected with the physical 
network or another physical network, a data transmitting 
node transmits the control message including an IP 
address information of a data transmission destination, 
a header/channel information dependent on the physi- 
cal network, and an information indicating that the infor- 
mation data to be transmitted according to the 
header/channel information is data in an upper layer of 
an IP layer. The information data is then transmitted to 
the receiving node, where the information data contains 
the header/channel information and data of the upper 
layer without IP packet encapsulation. A network inter- 
connection node operates similarly 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION s 

The present invention relates to a network system 
for constructing a home network environment, and more 
particularly, to a data transmitting node and a network 
inter-connection node suitable for use in the home net- w 
work environment. 

DESCRIPTION OF THE BACKGROUND ART 

In recent years, there is a rapid trend for digitalizing is 
electronic instruments as exemplified by the term "multi- 
media", and this trend is already noticeable in the office 
environment. 

More specifically, in terms of hardware, this trend 
has been materialized in forms of introduction of PCs, 20 
digitalization of OA devices and formation of networks 
among them. Also, in terms of software, this trend has 
been expanding to cover the basic functions of hosts 
(which are progressively light-sized and transferred to 
PCs), the application software such as the word- 2s 
processing software, the spreadsheet software, etc., 
and the Internet application such as the WWW. 

The similar trend can also be seen in the home 
environment. Namely, even in the home environment, 
this trend for digitalization has been steadily progressed 30 
in forms of digitalization of AV devices (DVD, digital 
VTR, digital video camera, etc.), digitalization of broad- 
casting, and Internet access such as OCN. 

Similarly as in a case of the office environmentJhis_ _ 
trend is expected "t^pl^gres^toward the formation of 3S 
networks in future. Namely, it is expected that the tech- 
nologies of various fields such as information process- 
ing, communication and broadcasting will be unified by 
the digitalization, and inter-mixed with each other by the 
formation of networks. 40 

There are many candidates for the network technol- 
ogies in this direction. For example, the Ethernet has 
overwhelming records of the actual use in the office 
environment and is probably the most promising candi- 
date even for the home PC network. Also, the ATM is 45 
another serious contender because of the general con- 
sensus among the infra-structure constructors (tele- 
phone companies, CATV companies, etc.) to keep 
constructing the infra-structures based on this technol- 
ogy in view of the advantageous characteristics of the so 
ATM such as its fast, real-time, and wide bandwidth 
properties. 

In addition to these candidates, the network tech- 
nology (bus technology) called IEEE 1394 has been 
attracting much attentions recently. This IEEE 1394 has ss 
several remarkable characteristics such as its fast, real- 
time (QOS guaranteed), and plug-and-play properties, 
so that there is a high expectation especially among the 



AV industries on the IEEE 1394 as the most promising 
candidate for a future scheme for inter-connecting dig- 
ital AV devices. This vogue has also instigated much 
interests to the IEEE 1394 from the computer industries 
as well. 

In the initial phase, it is expected that the inter -con- 
nection of the home use digital devices will be realized 
by these various network technologies in conjunction 
with the spread of the home use digital devices, 
depending on preferences and demands of the users, 
and in this way prototype digital networks will be gradu- 
ally built up inside each home. 

In the second phase, there will be demands for 
inter-connecting these digital networks together. For 
example, there will be a desire to inter-connect an AV 
device connected to the 1394 network of a guest room 
on the first floor with another AV device connected to 
the 1 394 network of a private room on the second floor 
in order to realize the dubbing or the cooperative opera- 
tion between these AV devices. 

However, in order to meet the expected demands of 
this second phase, the following problems must be 
addressed and resolved. 

(1) The 1394 network is not suited for a large scale 
installation. For example, its cable length is limited 
to 4.5 m, so that the wiring across rooms will be dif- 
ficult. Also, the plug-and-play function of the 1394 
has the side-effect that the on-going communica- 
tion will be instantaneously disconnected whenever 
someone connects to or disconnects from the 
1394. When the wiring of the 1394 across rooms is 
attempted, there will be an inconveniency in that an 

_a^LQn m^^in^nejroom _would„affect another.room 

in a form of the instantaneous disconnection of the 
on-going communication because of its "bus reset". 

(2) The standardization of the specification for 
"1394 bridge" as the inter-connection proto- 
col/scheme for the 1394 is currently in progress at 
the IEEE which is the standardization committee for 
the 1394. However, the standard specification is 
expected to be a very complicated one that requires 
the scalability and incorporates a concept of call set 
up, and it is also expected that a considerable 
amount of time will be needed before the standard 
specification can be solidified. 

(3) The home network will not necessarily be lim- 
ited to just the 1394, so that it is preferable to con- 
struct the home network according to a scheme 
that can inter-connect various types of networks. 
However, no such a network architecture has been 
proposed so far. 

(4) As a known technique for inter-connecting vari- 
ous networks, there is the Internet protocol. How- 
ever, this scheme is difficult to set up, manage and 
maintain for the layman, and it also requires the 
server management, so that in its currently availa- 
ble form it is not suitable for an inter-connection 
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scheme intended for use in the home network 
which is expected to deal with a rather limited 
number of terminals. 

SUMMARY OF THE INVENTION s 

It is therefore an object of the present invention to 
provide a data transmitting node and a network inter- 
connection node which are capable of resolving the 
above noted problems and which are therefore suitable w 
for use in the home network environment. 

According to one aspect of the present invention, 
there is provided a data transmitting node connected 
with a physical network, comprising: a first transmission 
unit for transmitting a control message in a case of is 
transmitting information data to a receiving node 
through connected with the physical network or another 
physical network, the control message including an IP 
address information of a data transmission destination, 
a header/channel information dependent on the physi- 20 
cal network, and an information indicating that the infor- 
mation data to be transmitted according to the 
header/channel information is data in an upper layer of 
an IP layer; and a second transmission unit for transmit- 
ting the information data to the receiving node, the infor- 25 
mation data containing the header/channel information 
and data of the upper layer without IP packet encapsu- 
lation. 

In this aspect of the present invention, it becomes 
possible to explicitly notify a network connection device 30 
on a communication path that the information data that 
pass through a communication path established by the 
control message are not IP packets so that they should 

be forwarded by a dat alink layer processing alone with- 

out forwarding them to the so called IP processing unit 3S 
for carrying out the routing processing of IP packets. 

Namely, by notifying a header/channel information 
according to which the information data is to be trans- 
mitted later and an IP address of the receiving node to 
the network connection device, it becomes possible to 40 
notify that a transfer destination of the subsequently 
transmitted information data which has this 
header/channel information (datalink layer identifier) is 
the IP address of the receiving node, so that the net- 
work connection device on the communication path can 45 
establish the communication path (datalink layer com- 
munication path) up to the receiving node at the datalink 
layer level. 

In addition, by using the IP address, it becomes 
possible to realize an address system which can be so 
commonly used even under an environment in which a 
plurality of types of physical networks are inter-con- 
nected, so that it becomes possible to carry out the data 
transmission and the control message transmission 
with respect to nodes belonging to physical networks of ss 
different transmission schemes. 

Moreover, it is possible to explicitly notify the net- 
work connection device that the information data that 



pass through the communication path are not IP pack- 
ets but the packets in the upper layer than the IP layer, 
so that it can be expected that the network connection 
device will transfer the information data on the commu- 
nication path to the receiving node without applying the 
so called IP routing processing, and therefore it 
becomes possible to realize the transmission of the so 
called raw data such as MPEG video and speech data. 

Also, in this aspect of the present invention, the 
control message may command to a network inter-con- 
nection node for connecting said physical network and a 
next physical network a registration of a correspond- 
ence between the header/channel information depend- 
ent on said physical network and a header/channel 
information dependent on the next physical network. 

This defines the operation of the control message in 
this aspect of the present invention. 

Also, in this aspect of the present invention, the 
data transmitting node may further comprises: a recep- 
tion unit for receiving digital video and/or digital audio 
data: wherein the second transmission unit transmits 
the digital video and/or digital audio data received by 
the reception unit as the information data, by formatting 
the digital video and/or digital audio data into a trans- 
mission format for said physical network. 

In this aspect of the present invention, in a case of 
receiving the raw or MPEG coded video/speech data 
and forwarding the received data to a specific receiving 
node, as in a case of a set-top box for the digital satellite 
broadcast, the digital CATV, or the digital terrestrial 
broadcast, it becomes possible to realize this data for- 
warding by formatting the received data into a format of 
a physical network. 

___Accprding to_another aspect.of_the present_invenr_ 
tion, there is provided a network inter-connection node 
for transmitting information data received from one- 
physical network to another physical network, compris- 
ing: a reception unit for receiving a first control message 
from said one physical network, the first control mes- 
sage containing an IP address information of a data 
transmission destination, a first header/channel infor- 
mation dependent on said one physical network, and an 
information indicating that an information data to be 
transmitted according to the first header/channel infor- 
mation is data in an upper layer of a protocol layer cor- 
responding to the IP address information; a first 
transmission unit for transmitting a second control mes- 
sage to said another physical network when the recep- 
tion unit receives the first control message, the second 
control message containing the IP address information, 
a second header/channel information dependent on 
said another physical network which is obtained from 
the IP address information, and the information indicat- 
ing that the information data to be transmitted according 
to the second header/channel information is data in the 
upper layer; a memory unit for storing a correspond- 
ence between the first header/channel information and 
the second header/channel information; and a second 
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transmission unit for obtaining the second header/chan- 
nel information corresponding to the first header/chan- 
nel information according to the correspondence stored 
in the memory unit when the information data contain- 
ing the first header/channel information is received from 
said one physical network, attaching the second 
header/channel information to the information data, and 
transmitting the information data to sa E d another physi- 
cal network, the information data corv -* ; :;ng data of the 
upper layer without IP packet encapsu vaon. 

In this aspect of the present invention, the informa- 
tion data containing the first header/channel information 
are the packets in the upper layer than the IP layer. Con- 
sequently, each network connection device on the com- 
munication path can recognize that the information data 
that pass through a communication path established by 
the control message are not IP packets so that there 
should be a setting by which they can be forwarded by a 
datalink layer processing alone without forwarding them 
to the so called IP processing unit for carrying out the 
routing processing of IP packets, and make this setting 
to the second transmission unit. As a result, it becomes 
possible to realize a transfer of arbitrary data such as 
MPEG video and speech data in the IP network environ- 
ment. 

Also, in this aspect of the present invention, the first 
control message may command a registration of a cor- 
respondence between the first header/channel informa- 
tion and the second header/channel information, and 
the second control message may command to a receiv- 
ing node or a network inter-connection node for con- 
necting said another physical network and a third 
physical network a registration of a correspondence 
between the second heade r/channel inform ation and a 
"heacler/channel information dependent on said third 
physical network. 

This defines the operations of the first and second 
control messages in this aspect of the present inven- 
tion. 

According to another aspect of the present inven- 
tion, there is provided a data transmitting node con- 
nected with a physical network, comprising: a first 
transmission unit for transmitting a control message in a 
case of transmitting information data to a receiving node 
connected with the physical network or another physical 
network, the control message including an IP address 
information of a data transmission destination, a 
header/channel information dependent on the physical 
network, and an information indicating a required com- 
munication resource; and a second transmission unit for 
transmitting the information data containing the 
header/channel information for which the required com- 
munication resource is reserved, to the receiving node. 

In this aspect of the present invention, it becomes 
possible to explicitly notify a network connection device 
on a communication path that the information data that 
pass through a communication path established by the 
control message are requiring this much of the commu- 



nication resource amounts so that this communication 
resource amounts should be reserved in a case of 
acquiring the communication resources (connections, 
channels, etc.) of the datalink that constitutes this com- 
5 munication path. 

In addition, the IP address is used as an address 
system so that it can be realized under the inter-connec- 
tion environment of arbitrary combination of mutually 
different datalink layers and therefore it becomes possi- 

10 ble to establish the communication path while reserving 
the communication resources under an arbitrary inter- 
connected network environment. 

Also, in this aspect of the present invention, the 
control message may command to a network inter-con- 

15 nection node for connecting said physical network and a 
next physical network a registration of a correspond- 
ence between the header/channel information depend- 
ent on said physical network and a header/channel 
information dependent on the next physical network for 

20 which the required communication resource is 
reserved. 

This defines the operation of the control message in 
this aspect of the present invention. 

Also, in this aspect of the present invention, the 

25 data transmitting node may further comprises: a recep- 
tion unit for receiving digital video and/or digital audio 
data; wherein the second transmission unit transmits 
the digital video and/or digital audio data received by 
the reception unit as the information data, by formatting 

30 the digital video and/or digital audio data into a trans- 
mission format for said physical network. 

In this aspect of the present invention, in a case of 
receiving the raw or MPEG coded video/speech data 

and.forwarding the_r.eceived data to a specific receiving — 

35 node, as in a case of a set-top box for the digital satellite 
broadcast, the digital CATV, or the digital terrestrial 
broadcast, it becomes possible to realize this data for- 
warding by formatting the received data into a format of 
a physical network. 

40 According to another aspect of the present inven- 
tion, there is provided a network inter-connection node 
for transmitting information data received from one 
physical network to another physical network, compris- 
ing: a reception unit for receiving a first control message 

45 from said one physical network, the first control mes- 
sage containing an IP address information of a data 
transmission destination, a first header/channel infor- 
mation dependent on said one physical network, and an 
information indicating a required communication 

so resource; a first transmission unit for transmitting a sec- 
ond control message to said another physical network 
when the reception unit receives the first control mes- 
sage, the second control message containing a second 
header/channel information dependent on said another 

55 physical network which is obtained from the IP address 
information, and the information indicating the required 
communication resource; an establishing unit for estab- 
lishing a communication path with respect to a receiving 
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node or a next network inter-connection node for con- 
necting said another physical network and a third phys- 
ical network, the communication path having the 
second header/channel information with the required 
communication resource; a memory unit for storing a 
correspondence between the first header/channel infor- 
mation and the second header/channel information; and 
a second transmission unit for obtaining the second 
header/channel information corresponding to the first 
header/channel information according to the corre- 
spondence stored in the memory unit when the informa- 
tion data containing the first header/channel information 
is received from said one physical network, attaching 
the second header/channel information to the informa- 
tion data, and transmitting the information data to said 
another physical network. 

in this aspect of the present invention, each net- 
work connection device on the communication path can 
recognize that the information data that pass through a 
communication path established by the control mes- 
sage are requiring this much of the communication 
resource amounts so that this communication resource 
amounts should be reserved in a case of acquiring the 
communication resources (connections, channels, etc.) 
of the datalink that constitutes this communication path, 
establish the datalink layer connection having this com- 
munication resource amounts by the establishing unit, 
and make a corresponding setting to the second trans- 
mission unit. 

In addition, the IP address is used as an address 
system so that it can be realized under the inter-connec- 
tion environment of arbitrary combination of mutually 
different datalink layers and therefore it becomes possi- 
ble to establish the communication path while reservin g 
thF"c^rmTur»ication resources under an arbitrary inter- 
connected network environment. 

Also, in this aspect of the present invention, the first 
control message may command a registration of a cor- 
respondence between the first header/channel informa- 
tion and the second header/channel information, and 
the second control message may command to the 
receiving node or the next network inter-connection 
node a registration of a correspondence between the 
second header/channel information and a header/chan- 
nel information dependent on said third physical net- 
work. 

This defines the operations of the first and second 
control messages in this aspect of the present inven- 
tion. 

According to another aspect of the present inven- 
tion, there is provided a data transmitting node con- 
nected with a physical network, comprising: a first 
transmission unit for transmitting a control message in a 
case of transmitting information data to a receiving node 
connected with the physical network or another physical 
network, the control message including an IP address 
information of a data transmission destination, a 
header/channel information dependent on the physical 



network, and an information on a format of the informa- 
tion data to be transmitted according to the 
header/channel information; and a second transmission 
unit for transmitting the information data in said format 
5 which contains the header/channel information, to the 
receiving node. 

In this aspect of the present invention, it becomes 
possible to explicitly notify a network connection device 
on a communication path that the information data that 
w pass through a communication path established by the 
control message will be in this format (such as MPEG, 
JPEG, etc.) so that they should be forwarded by a data- 
link layer processing alone without forwarding them to 
the so called IP processing unit for carrying out the rout- 
es ing processing of IP packets, and a transfer according to 
the format transfer scheme depending on the datalink 
layer of a transfer target physical network should be 
made. 

For example, in a case of MPEG, it becomes possi- 

20 ble to urge the setting by which the MPEG data can be 
transferred in a format depending on the datalink layer, 
such as "MPEG-over- ATM" defined by the ATM forum in 
while being transferred through the ATM network, and 
"MPEG-over- 1394" defined by the IEC1883 while being 

25 transferred through the IEEE 1394 bus. 

Also, in this aspect of the present invention, the 
control message may command to a network inter-con- 
nection node for connecting said physical network and a 
next physical network a registration of a correspond- 

30 ence between the header/channel information depend- 
ent on said physical network and the header/channel 
information dependent on the next physical network. 
This defines the operation of the control message in 
_ this aspect of J^^piesent invention— .__ 

35 Also, in this aspect of the present invention, the 
data transmitting node may further comprises: a recep- 
tion unit for receiving digital video and/or digital audio 
data; wherein the second transmission unit transmits 
the digital video and/or digital audio data received by 

40 the reception unit as the information data, by formatting 
the digital video and/or digital audio data into said for- 
mat. 

In this aspect of the present invention, in a case of 
receiving the raw or MPEG coded video/speech data 

45 and forwarding the received data to a specific receiving 
node, as in a case of a set-top box for the digital satellite 
broadcast, the digital CATV, or the digital terrestrial 
broadcast, it becomes possible to realize this data for- 
warding by formatting the received data into a format of 

so a physical network. 

According to another aspect of the present inven- 
tion, there is provided a network inter -connection node 
for transmitting information data received from one 
physical network to another physical network, compris- 

55 ing: a reception unit for receiving a first control message 
from said one physical network, the first control mes- 
sage containing an address information of a data trans- 
mission destination, a first header/channel information 
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dependent on said one physical network, and an infor- 
mation on a format of the information data to be trans- 
mitted according to the first header/channel information; 
a first transmission unit for transmitting a second control 
message to said another physical network when the 
reception unit receives the first control message, the 
second control message containing the address infor- 
mation, a second header/channel information depend- 
ent on said another physical network which is obtained 
from the address information, and the information on a 
format of the information data to be transmitted accord- 
ing to the second header/channel information; a mem- 
ory unit for storing a correspondence between the first 
header/channel information and the second 
header/channel information; a conversion unit for con- 
verting a transmission format of the information data to 
be transmitted from a transmission format in the said 
one physical network to a transmission format in said 
another physical network; and a second transmission 
unit for obtaining the second header/channel informa- 
tion corresponding to the first header/channel informa- 
tion according to the correspondence stored in the 
memory unit when the information data containing the 
first header/channel information is received from said 
one physical network, attaching the second 
header/channel information to the information data, and 
transmitting the information data to said another physi- 
cal network. 

In this aspect of the present invention, each net- 
work connection device on the communication path can 
recognize that the information data that pass through a 
communication path established by the control mes- 
sage will be in this format (such as MPEG, JPEG, etc.) 
so that they should ^ejorwarded by a datalin k layer 
"processing alone without forwarding them to the so 
called IP processing unit for carrying out the routing 
processing of IP packets, and there is a need to carry 
out the format conversion in order to transfer according 
to the format transfer scheme depending on the datalink 
layer of a transfer target physical network, and make 
necessary settings to the conversion unit and the sec- 
ond transmission unit. 

Also, in this aspect of the present invention, the first 
control message may command a registration of a cor- 
respondence between the first header/channel informa- 
tion and the second header/channel information, and 
the second control message may command to a receiv- 
ing node or a network inter-connection node for con- 
necting said another physical network and a third 
physical network a registration of a correspondence 
between the second header/channel information and a 
header/channel information dependent on said third 
physical network 

This defines the operations of the first and second 
control messages in this aspect of the present inven- 
tion. 

Also, in this aspect of the present invention, the 
information data to be transmitted by the second trans- 



mission unit may be MPEG data, and the conversion 
unit may convert the transmission format of the MPEG 
data from a transmission format for the MPEG data in 
said one physical network to a transmission format for 
5 the MPEG data in said another physical network. 

In this aspect of the present invention, by this for- 
mat conversion by the conversion unit, it becomes pos- 
sible to transfer the MPEG data in a format depending 
on the datalink layer, such as "MP EG -over- ATM" 
w defined by the ATM forum in while being transferred 
through the ATM network, and "MPEG-over-1394" 
defined by the IEC1883 while being transferred through 
the IEEE 1394 bus. 

According to another aspect of the present inven- 
ts tion, there is provided a data transmitting node con- 
nected with an IEEE 1394 bus, comprising: a first 
transmission unit for transmitting a control message in a 
case of transmitting information data to a receiving node 
connected with another physical network, the control 
20 message including an address information of a data 
transmission destination, and an isochronous channel 
number or a register offset indicating an isochronous 
channel of said IEEE 1394 bus; and a second transmis- 
sion unit for transmitting the information data in forms of 
25 IEEE 1394 packets containing the isochronous channel 
number or the register offset, onto the isochronous 
channel. 

In this aspect of the present invention, it becomes 
possible to explicitly notify a transfer target of the 
30 received data to a network connection device on a com- 
munication path connected to the IEEE 1394 bus, in 
such a manner that the information data entering from 
that isochronous channel number at the IEEE 1394 

interface to_which thisxontrol message-is entered -will — 

35 be data destined to that data transmission destination 
address. 

In addition, it also becomes possible to explicitly 
notify that the information data that pass through that 
isochronous channel should be forwarded to a next hop 
40 network channel by a datalink layer processing alone 
without forwarding them to the so called IP processing 
unit for carrying out the routing processing of IP pack- 
ets. 

Also, in this aspect of the present invention, the 
45 control message may command to a network inter-con- 
nection node for connecting said IEEE 1394 bus and a 
next physical network a registration of a correspond- 
ence between the isochronous channel number ot the 
register offset and a header/channel information 
so dependent on the next physical network. 

This defines the operation of the control message in 
this aspect of the present invention. 

Also, in this aspect of the present invention, the 
data transmitting node may further comprises: a recep- 
55 tion unit for receiving digital video and/or digital audio 
data; wherein the second transmission unit transmits 
the digital video and/or digital audio data received by 
the reception unit as the information data, by formatting 
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the digital video and/or digital audio data into an IEEE 
1 394 transmission format. 

In this aspect of the present invention, in a case of 
receiving the raw or MPEG coded video/speech data 
and forwarding the received data to a specific receiving 
node, as in a case of a set-top box for the digital satellite 
broadcast, the digital CATV, or the digital terrestrial 
broadcast, it becomes possible to realize this data for- 
warding by formatting the received data into a format of 
a physical network. 

According to another aspect of the present inven- 
tion, there is provided a network inter-connection node 
for connecting at least two physical networks including 
an IEEE 1394 bus and transmitting an information data 
received from one physical network to another physical 
network, comprising: a reception unit for receiving a first 
control message from said one physical network, the 
first control message containing an address information 
of a data transmission destination, and a first 
header/channel information dependent on said one 
physical network; a first transmission unit for transmit- 
ting a second control message to said another physical 
network when the reception unit receives the first con- 
trol message, the second control message containing 
the address information and a second header/channel 
information dependent on said another physical net- 
work which is obtained from the address information; a 
memory unit for storing a correspondence between the 
first header/channel information and the second 
header/channel information, at least one of the first 
header/channel information and the second 
header/channel information including an isochronous 
channel number or a register offset indicating an iso- 
chronous channel of the IEEE 1394 bus; and a second 
transmissionunit fo7"obtaihing"the s^6T^ h^deT/charv" 
nel information corresponding to the first header/chan- 
nel information according to the correspondence stored 
in the memory unit when the information data contain- 
ing the first header/channel information is received from 
said one physical network, attaching the second 
header/channel information to the information data, and 
transmitting the information data to said another physi- 
cal network. 

In this aspect of the present invention, it becomes 
possible to carry out the transmission of arbitrary data 
with respect to the receiving node belonging to arbitrary 
distanced network (a physical network to which the 
transmitting node does not belongs), under the environ- 
ment in which the 1 394 buses or the 1 394 bus and arbi- 
trary physical network are inter-connected. 

Namely, in the inter-connected networks in which 
the 1394 buses or the 1394 bus and arbitrary physical 
network are inter -connected, it is possible to ascertain 
the destination node ID or channel number and the des- 
tination address of the destination node (which can be 
the network layer address such as IP address or the 
datalink layer address such as 1394 address or MAC 
address) which are the header information of the first 



physical network to which the data will be transferred 
later, from the neighboring node on the side of the IEEE 
1394 bus which is the first physical network. Then, from 
this information, it is possible to notify a correspondence 

s between the header/channel information to be used at 
the second physical network (virtual connection identi- 
fier, or destination node ID or channel number, or MAC 
address, etc., in the second physical network) and the 
destination address (the address information), to the 

70 neighboring node on the second physical network side 
(or conversely, the information from the second physical 
network side is notified to the first physical network 
side). 

In addition, by referring to the header/channel infor- 

15 mation (channel number, destination node ID, virtual 
connection identifier, MAC address, etc.) of one physi- 
cal network alone, it becomes possible to transfer the 
data by attaching (or converting) the header/channel 
information (channel number, destination node ID, vir- 

20 tual connection identifier, MAC address, etc.) of another 
physical network, so that the considerably fast process- 
ing becomes possible even between the 1394 bus and 
the other arbitrary physical network. 

Moreover, at least one of the first header/channel 

25 information and the second header/channel information 
includes an isochronous channel number or a register 
offset indicating an isochronous channel of the IEEE 
1394 bus, so that it becomes possible for the relay 
device to directly convert the isochronous channel 

30 number of the IEEE 1394 bus to the header/channel 
information (virtual connection identifier, isochronous 
channel number, MAC address, etc.) of the (another) 
second physical network (or vice versa). Consequently, 
especiajl^yjn^^^e wh^ejhe endjto-e nd da talran_sfer 

"35 ~1 bylhe dataiink layer switching is desired as in a case of 
the transfer of data that requires the communication 
quality, it becomes possible to realize this data transfer 
by using the isochronous channel of the IEEE 1394 bus 
and using the channel number in a similar manner as 

40 the virtual connection identifier (such as VPI/VCI of the 
ATM). 

Also, in this aspect of the present invention, said 
another physical network may be an Ethernet or a token 
ring or a FDD I, and the second header/channel informa- 

45 tion may indicate a MAC address. 

Also, in this aspect of the present invention, said 
one physical network may be an Ethernet or a token 
ring or a FDD I, and the first header/channel information 
may indicate a MAC address. 

so In these cases, it becomes possible to recognize 
the header value and its attribute and communication 
quality on the 1394 bus side by providing the corre- 
spondence table and the conversion table based on the 
MAC address value, or conversely, to recognize the 

55 header information value (header/channel information 
depending on the second physical network) on the sec- 
ond physical network (another physical network) side 
and its attribute and communication quality by providing 
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the table based on the header information value of the 
1 394 bus. Consequently, it becomes possible to carry 
out the data forwarding to the facing network side by the 
datalink layer processing alone, and the fast forwarding 
processing becomes possible. For this reason, it 5 
becomes possible to use the various frame schemes 
using MAC address as the transmission scheme of the 
second physical network. 

Also, in this aspect of the present invention, said 
another physical network may be an ATM network, and 10 
the second header/channel information may indicate a 
VPI/VCI. 

Also, in this aspect of the present invention, said 
one physical network may be an ATM network, and the 
first header/channel information may indicate a 15 
VPI/VCI. 

In these cases, it becomes possible to recognize 
the header value and its attribute and communication 
quality on the 1394 bus side by providing the corre- 
spondence table and the conversion table based on the 20 
VPI/VCI value, or conversely, to recognize a value of the 
VPI/VCI value (header/channel information depending 
on the second physical network) and its attribute and 
communication quality by providing the table based on 
the header information value of the 1394 bus. Conse- 25 
quently, it becomes possible to carry out the data for- 
warding to the facing network side by the datalink layer 
processing alone, and the fast forwarding processing 
becomes possible. For this reason, it becomes possible 
to use the ATM as the transmission scheme of the sec- 30 
ond physical network (another physical network). 

According to another aspect of the present inven- 
tion, there is provided a data- transmitting node con- 
nected with a network, comprising: a first tra nsmis s ion 
unit for - transmittirig~a ^dnt7dl~message ln~a case of 35 
transmitting information data to a receiving node con- 
nected with another network, the control message 
including a first MAC address information of a data 
transmission destination, and a second MAC address 
information to be attached to the information data; and 40 
a second transmission unit for transmitting the informa- 
tion data containing the second MAC address informa- 
tion, to the receiving node. 

In this aspect of the present invention, it becomes 
possible to explicitly notify a transfer target of the 45 
received data to a network connection device on a com- 
munication path, in such a manner that the information 
data entering with that second MAC address at the 
physical network interface to which this control mes- 
sage is entered will be data destined to that data trans- so 
mission destination first MAC address. 

In addition, it also becomes possible to explicitly 
notify that, for the information data entered with that 
second MAC address, the similar control message 
exchange is to be carried out at the subsequent hops 55 
and the packet/frame routing should be carried out by 
referring to the MAC address alone. 

Also, in this aspect of the present invention, the 



control message may command to a network inter-con- 
nection node for connecting said network and a next 
network a registration of a correspondence between the 
second MAC address information and a header/channel 
information dependent on the next network. 

This defines the operation of the control message in 
this aspect of the present invention. 

Also, in this aspect of the present invention, the 
data transmitting node may further comprises: a recep- 
tion unit for receiving digital video and/or digital audio 
data; wherein the second transmission unit transmits 
the digital video and/or digital audio data received by 
the reception unit as the information data, by formatting 
the digital video and/or digital audio data into a trans- 
mission format for said network. 

In this aspect of the present invention, in a case of 
receiving the raw or MPEG coded video/speech data 
and forwarding the received data to a specific receiving 
node, as in a case of a set -top box for the digital satellite 
broadcast, the digital CATV, or the digital terrestrial 
broadcast, it becomes possible to realize this data for- 
warding by formatting the received data into a format of 
a physical network. 

According to another aspect of the present inven- 
tion, there is provided a network inter-connection node 
for transmitting information data received from one net- 
work to another network, comprising: a reception unit 
for receiving a first control message from said one net- 
work, the first control message containing a first MAC 
address information of a data transmission destination, 
and a second MAC address information; a first trans- 
mission unit for transmitting a second control message 
to said another network when the reception unit 
r^eiye^triejir^ 

message containing the first MAC address information, 
and a third MAC address information which is obtained 
from the first MAC address information; a memory unit 
for storing a correspondence between the second MAC 
address information and the third MAC address infor- 
mation; and a second transmission unit for obtaining the 
third MAC address information corresponding to the 
second MAC address information according to the cor- 
respondence stored in the memory unit when the infor- 
mation data containing the second MAC address 
information is received from said one network, attaching 
the third MAC address information to the information 
data, and transmitting the information data to said 
another network. 

In this aspect of the present invention, in the bridge 
network in which two or more physical networks are 
inter-connected, it is possible to ascertain the header 
information (the destination MAC address in the first 
physical network) of the first physical network (one 
physical network) to which the data will be transferred 
later and the destination address of its destination node 
(the MAC address information: the final destination 
MAC address), from the neighboring node of the previ- 
ous hop. Then, from this information, it is possible to 
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notify a correspondence between the header informa- 
tion (the destination MAC address in the second physi- 
cal network) to be used at the second physical network 
(another physical network) and the destination address 
(the MAC .address information: the final destination 5 
MAC address), to the neighboring node. 

In addition, by referring to the header information 
(the destination MAC address in the first physical net- 
work) of said physical network alone, it becomes possi- 
ble to transfer the data by attaching (or converting) the 10 
header information (MAC address) of the second physi- 
cal network, so that the considerably fast processing 
becomes possible even between different types of net- 
works. Here, the MAC address may be used as a logical 
value, that is, as the virtual connection identifier. 75 

According to another aspect of the present inven- 
tion, there is provided a network inter-connection node 
for connecting at least two physical networks, compris- 
ing: a request receiving unit for receiving from a first 
physical network an address resolution request for 
resolving a datalink layer address from a network layer 
address; a forwarding unit for forwarding the address 
resolution request with respect to a connected physical 
network other than the first physical network; a 
response receiving unit for receiving from a second 
physical network a first address resolution response 
corresponding to the address resolution request for- 
warded by the forwarding unit; a registration unit for reg- 
istering a correspondence between the network layer 
address and the second physical network into a routing 
table, by referring to a network layer source address or 
a network address contained in the first address resolu- 
tion response; and a response transmitting unit for 
transmitting to the first physical netw ork a se cond 
Address "resolution response corresponding to the 
address resolution request received by the request 
receiving unit, by inserting a datalink layer address of 
said network inter-connection node device as a 
resolved address. 

In this aspect of the present invention, when the 40 
first physical network and the second physical network ; 
are the networks using different address systems (such 
as the Ethernet and the IEEE 1394, for example), or 
when they are networks using the same address sys- 
tem which are however connected without using a 45 
bridge connection, it becomes possible to carry out a 
delivery of a packet to a desired node by specifying an 
address of this network inter-connection node as a 
packet destination with respect to a node which trans- 
mitted the address resolution request and carrying out so 
the routing of a packet received at this network inter- 
connection node. 

In addition, in this aspect of the present invention, 
the network layer address learning function is provided, 
so that it is possible to deal with a case where an entry 55 
or withdrawal of a node with respect to a network is to 
be made dynamically/ 

Also, in this aspect of the present invention, the net- 



work inter-connection node device may further com- 
prises a transfer unit for transferring a received packet 
to a physical network registered in the routing table, 
according to a network layer destination address of the 
received packet. 

Also, in this aspect of the present invention, the 
response transmitting unit may activate the forwarding 
unit when a network layer address contained in the 
address resolution request received from the first phys-* 
ical network is not a network layer address of said net- 
work inter-connection node device and not registered in 
the routing table, and transmit the second address res- 
olution response otherwise. 

Also, in this aspect of the present invention, the first 
physical network and the second physical network may 
be operated by different datalink protocols. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an exemplary 
overall configuration of a communication network 
according to the first embodiment of the present inven- 
tion. 

Fig. 2 is a diagram showing an exemplary corre- 
spondence between IP addresses and datalink layer 
addresses (ATM addresses) on an IP subnet Na side in 
the communication network of Fig. 1 . 

Fig. 3 is a diagram showing an exemplary corre- 
spondence between IP addresses and datalink layer 
^(Wr^ss^JATTyiaddresses)_on.anJP subnet-Nb side-in- 
the communication network of Fig. 1 . 

Fig. 4 is a sequence chart for an operation 
sequence between a guide server and a video terminal 
in the communication network of Fig. 1 . 

Fig. 5 is a block diagram showing default VCs in an 
intra-station ATM backbone network in the communica- 
tion network of Fig. 1 . 

Fig. 6 is a block diagram showing an exemplary 
internal configuration of a cell switch router in the com- 
munication network of Fig. 1. 

Fig. 7 is a sequence chart for an address resolution 
sequence between a cell switch router and a video ter- 
minal in the communication network of Fig. 1. 

Fig. 8 is another sequence chart for an address res- 
olution sequence between a cell switch router and a 
video terminal in the communication network of Fig. 1 . 

Fig. 9 is a diagram showing one example of a chan- 
nel used for exchanging ARP packets in the communi- 
cation network of Fig. 1. 

Fig. 10 is a block diagram showing an exemplary 
internal configuration of a NIU (Network Interface Unit) 
in the communication network of Fig. 1 . 

Fig. 1 1 is a diagram showing one example of a rout- 
ing table provided in a FANP node in the communication 
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network of Fig. 1. 

Fig. 12 is a flow chart for an ARP processing 
sequence in the communication network of Fig. 1 . 

Fig. 13 is a diagram showing one example of a for- 
mat for an ARP request packet on a 1394 bus in the s 
communication network of Fig. 1. 

Fig. 1 4 is a block diagram showing an exemplary 
internal configuration of a 1394 gateway in the commu- 
nication network of Fig. 1 . 

Fig. 15 is a diagram showing one example of a for- w 
mat for an ARP response packet on a 1394 bus in the 
communication network of Fig. 1 . 

Fig. 16 is a diagram showing one example of a for- 
mat for an IP packet transmitted on a 1394 bus in the 
communication network of Fig. 1 . 15 

Fig. 17 is a sequence chart for a sequence of a 
video transmission from a video server to a video termi- 
nal in the communication network of Fig. 1. 

Fig. 18 is a further detailed sequence chart for a 
sequence of a video transmission from a video server to 20 
a video terminal in the communication network of Fig. 1 . 

Fig. 19 is a diagram showing one example of a cor- 
respondence table provided in a 1394 switch unit in the 
1 394 gateway of Fig. 1 4. 

Fig. 20 is a diagram showing one example of a for- 25 
mat for a VCID exchange message used in the commu- 
nication network of Fig. 1 . 

Fig. 21 is a diagram showing one example of a 
default data connection (VC) and a dedicated data con- 
nection between a video server and a video terminal in 30 
the communication network of Fig. 1. 

Fig. 22 is a sequence chart for an operation 
sequence of FANP message exchanges between a 

guide server and a cell switch router in the c ommunic a- 

lion networkof Fig. 1 . 35 

Fig. 23 is a diagram showing one example of a for- 
mat for a flow exchange message used in the operation 
sequence of Fig. 22. 

Fig. 24 is a diagram showing one example of a for- 
mat for a flow exchange message (offer message) used 40 
in the operation sequence of Fig. 22. 

Fig. 25 is a diagram showing one example of a for- 
mat for a flow exchange message (pending message) 
used in the operation sequence of Fig. 22. 

Fig. 26 is a diagram showing one example of a for- 45 
mat for a VCID exchange message on a 1 394 bus used 
in the operation sequence of Fig. 22. 

Fig. 27 is a diagram showing one example of a for- 
mat for a VCID exchange message (re-direct message) 
on a 1394 bus used in the operation sequence of Fig. so 
22. 

Fig. 28 is a diagram showing one example of a 
datalink connection from a video server to a video termi- 
nal in the communication network of Fig. 1. 

Fig. 29 is a sequence chart for a datalink connec- 55 
tion release sequence in the communication network of 
Fig. 1. 

Fig. 30 is a sequence chart for an operation 
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sequence in a case of maintaining and releasing a data- 
link connection in a soft state in the communication net- 
work of Fig. 1 . 

Fig. 31 is a diagram for explaining a manner of 
using a flow ID in a case of merging information data 
flows from two or more sources into an identical datalink 
connection in the communication network of Fig. 1. 

Fig. 32 is a sequence chart for an operation 
sequence in a case of carrying out a bandwidth reserva- 
tion control between a cell switch router and a video ter- 
minal by using an extended FANP in the communication 
network of Fig. 1 . 

Fig. 33 is a block diagram showing an exemplary 
overall configuration of a communication network 
according to the second embodiment of the present 
invention. 

Fig. 34 is a block diagram showing an exemplary 
internal configuration of a half gateway in the communi- 
cation network of Fig. 33. 

Fig. 35 is a diagram showing one example of a cor- 
respondence table (for a case of transmitting data 
received from a 1394 side to an Ethernet side) provided 
in a 1 394/Ethernet transfer unit in the half gateway of 
Fig. 34. 

Fig. 36 is a diagram showing one example of a cor- 
respondence table (for a case of transmitting data 
received from an Ethernet side to a 1 394 side) provided 
in a 1 394/Ethernet transfer unit in the half gateway of 
Fig. 34. 

Fig. 37 is a sequence chart for an ARP sequence in 
the communication network of Fig. 33. 

Fig. 38 is a sequence chart for an operation 
sequence up to a video transmission in the communica- 
tion network.of_Fig..33 - 

Fig. 39 is a diagram showing one example of a 
video transmission route from a transmitting terminal to 
a receiving terminal in the communication network of 
Fig. 33. 

Fig. 40 is a diagram showing one example of a 
physical shape of a 1394 inter-connection cable, in a 
case of using an Ethernet cable as a cable for connect- 
ing two half gateways. 

Fig. 41 is a diagram showing another example of a 
physical shape of a 1394 inter-connection cable, in a 
case of connecting two half gateways by radio transmis- 
sion path. 

Fig. 42 is a block diagram showing an exemplary 
configuration of a home network with a transmitting ter- 
minal having a function for receiving MPEG video from 
a digital satellite broadcast (or digital CATV). 

Fig. 43 is a block diagram showing an exemplary 
internal configuration of a transmitting terminal in the 
home network of Fig. 42. 

Fig. 44 is a block diagram showing another exem- 
plary internal configuration of a transmitting terminal in 
the home network of Fig. 42. 

Fig. 45 is a block diagram showing an exemplary 
overall configuration of a communication network 
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according to the third embodiment of the present inven- 
tion. 

Fig. 46 is a block diagram showing an exemplary 
internal configuration of a FANP node in the communi- 
cation network of Fig. 45. 5 

Fig. 47 is a sequence chart for an ARP sequence in 
the communication network of Fig. 45. 

Fig. 48 is a sequence chart for an operation 
sequence up to a video transmission in the communica- 
tion network of Fig. 45. io 

Fig. 49 is a diagram showing one example of a 
video transmission route from a transmitting terminal to 
a receiving terminal in the communication network of 
Fig. 45. 

Fig. 50 is a diagram showing still another example 15 
of a physical shape of a 1 394 inter-connection cable, in 
a case of using a relatively short dedicated 1394 cable 
and a long Ethernet cable. 

Fig. 51 is a block diagram showing an exemplary 
overall configuration of a communication network 20 
according to the fourth embodiment of the present 
invention, in a case of connecting two half gateways 
through an ATM communication path. 

Fig. 52 is a block diagram showing an exemplary 
internal configuration of a half gateway in the communi- 25 
cation network of Fig. 51 . 

Fig. 53 is a block diagram showing another exem- 
plary overall configuration of a communication network 
according to the fourth embodiment of the present 
invention, in a case of connecting two half gateways 30 
through a FANP -ATM switch. 

Fig. 54 is a block diagram showing an exemplary 
internal configuration of a FANP -ATM switch in the com- 
munication network of Fig. 53. 



Figr55 isa bloclcdiagrarrrshdwihg^ an exemplary 35 

overall configuration of a communication network 
according to the fifth embodiment of the present inven- 
tion. 

Fig. 56 is a block diagram showing an exemplary 
internal configuration of a third gateway in the communi- 40 
cation network of Fig. 55. 

Fig. 57 is a sequence chart for an operation 
sequence from an ARP up to a video transmission in the 
communication network of Fig. 55. 

45 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



(First Embodiment > 
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Referring now to Fig. 1 to Fig. 32, the first embodi- 
ment of the present invention will be described in detail. 

Fig. 1 shows an exemplary configuration of a com- 
munication network system according to this first 
embodiment, which is formed by a CATV network and a 55 
home network connected thereto, for example. 

As shown in Fig. 1, the communication network 
system of this first embodiment comprises a video 



server 101, a program guide delivery server (referred 
hereafter as a guide server) 102, an intra-station ATM 
backbone network 110. a cell switch router (CSR) 103, 
an access ATM network 1 1 1 , an NIU (network Interface 
Unit) 104, a first IEEE 1394 bus 112, a 1394 gateway 

105, a second IEEE 1394 bus 113. and a video terminal 

106. The whole system (or at least a part of a group of 
devices constituting this system) is assumed to be sub- 
scribed to the Internet. 

The video server 101. the guide server 102. the 
intra-station ATM backbone network 110 and the cell 
switch router 103 are the CATV head-end equipments, 
and located inside the CATV station. They are assumed 
to be belonging to an IP (Internet Protocol) subnet Na. 

The video server 101 receives a control from the 
guide server 102, and delivers a specified video with 
respect to a specified address. Here, the specified 
address may be given by the IP address. 

The guide server 102 delivers the Web-based (i.e.. 
HTTP-based) program guide through the Internet. The 
guide server 102 also has a function to notify the con- 
tent, the attributes, the delivery destination, etc., of a 
requested program to the video server 101 and control 
the video server 101. The guide server 102 also has a 
function for authenticating and charging users. 

The intra-station ATM backbone network 110 is an 
ATM network constituting the backbone inside the CATV 
station. 

The cell switch router 1 03 is a device as disclosed 
in Japanese Patent Application No. 7-58196 (1995). 
and contains an IP processing unit and an ATM switch 
therein. By using the FANP (Flow Attribute Notification 
Protocol) to be described below, the cell switch router 
J^3j^qperate^y_c^rrying_o^t the^prptpcpLexchanges _ 
between neighboring FANP nodes (nodes that can 
carry out the FANP processing). More specifically, the 
datalink layer connection information (VPIA/CI of ATM, 
etc.) with a starting point (ending point) at this cell 
switch router 103 is exchanged between the neighbor- 
ing FANP nodes, and both connections are coupled by 
the ATM switch inside this cell switch router 103 so as to 
realize the ATM switching. 

Note that, in the present invention, functions of the 
FANP are upgraded and modified from those disclosed 
in Japanese Patent Application No. 7-58196 (1995), so 
that the FANP used in the present invention will be con- 
sidered as having a version number [2] in contrast to the 
FANP used in Japanese Patent Application NO. 7- 
58196 (1995) which is considered as having a version 
number [1], in a sense that the former is the upgraded 
version of the latter. 

The access ATM network 1 1 1 connects the CATV 
station with the home. More specifically, it suffices for 
this part to use the ATM as the datalink scheme, and the 
subscriber line form can be any suitable form such as 
FTTH (Fiber To The Home), HFC (Hybrid Fiber Coax), 
coaxial cable, ADSL (Asymmetric Digital Subscriber 
Line), etc. 



11 



21 



EP 0 835 037 A2 



22 



The NIU 104, two 1394 buses 112 and 113, the 
1394 gateway 105 and the video terminal 106 are 
devices or networks provided inside the home. 

The NIU 104 has a function to terminate the access 
ATM network 1 1 1 and a function to make an inter-con- 5 
nection with the home network As described below, this 
node is also the FANP node. 

Two 1394 buses 112 and 113 are home networks 
formed by high speed buses called IEEE 1 394. In Fig. 1 , 
the first 1394 bus 112 is connected only with the NIU 10 
104 and the 1394 gateway 105 while the second 1394 
bus 113 is connected only with the 1394 gateway 105 
and the video terminal 106, but in practice, these 1394 
buses may also be connected with various other digital 
devices such as PC, printer, DVD, etc. is 

The 1394 gateway 105 is a device having a function 
to connect two (or more) 1394 buses together. Also, the 
1394 gateway 105 in this first embodiment is the FANP 
node as will be described below. 

The video terminal 106 is a terminal having a video 20 
reception function and an IP processing function. 

Here, it is assumed that the cell switch router 103 
and the group of devices or networks within the home 
are belonging to one IP subnet. Namely, it is assumed 
that one (or more) IP subnet is assigned to each home. 25 
In this first embodiment, it is assumed that this IP sub- 
net is assigned with the subnet address Nb. 

Also, as shown in Fig. 1, it is assumed that the IP 
address of the video server is Na. 1 , the IP address of 
the guide server 102 is Na 2, the IP address of the 30 
intra-station ATM backbone network 110 side interface 
of the cell switch router 103 is Na. 3, and the IP address 
of the access ATM network 1 1 1 side interface of the cell 

switch router 103 is Nb. 4. Also, it is assumedjhattheJP^ 

-address-of'the^NIU"104~isrN&r3,lhe TP address of the 35 
1394 gateway 105 is Nb. 2. and the IP address of the 
video terminal 106 is Nb. 1. Here, each of the NIU 104 
and the 1394 gateway 105 can have only one IP 
address even though more than one network interfaces 
are provided therein. 40 

Fig. 2 shows a correspondence between the 
addresses on the IP subnet Na side, that is, the IP 
addresses within the intra-station ATM backbone net- 
work 110, and the datalink layer addresses (ATM 
addresses). Here, it is assumed that the ATM address 45 
prefix of the intra-station ATM backbone network 1 10 is 
Aa. 

Similarly, Fig. 3 shows a correspondence of the 
addresses on the IP subnet Nb side. 

Here, it is assumed that the ATM address prefix of so 
the access ATM network 1 1 1 is Ab t the bus ID of the first 
1394 bus 1 12 is Bb, and the bus ID of the second 1394 
bus 113 is Ba. 

A terminal connected to each 1394 bus has two 
1394 addresses. One is the address called EUI64 55 
whose value remains unchanged by the bus reset, and 
the other is the node ID whose value may be changed 
by the bus reset. Here, the node ID is expressed by an 



expression format of (Bus ID, Physical ID). 

Next, the operation of the entire system of Fig. 1 in 
a case of video transmission will be described with ref- 
erence to the flow chart of Fig. 4. 

First, the video terminal 106 receives the program 
guide transmitted from the guide server 102. 

This program guide is produced by the HTML 
(HyperText Markup Language) and its transmission pro- 
tocol is the HTTP (HyperText Transfer Protocol), for 
example. Namely, the video terminal 106 is in a form of 
the Web terminal (browser), and the program guide 
itself is transmitted through the IP (Internet Protocol). 

Here, the mechanism by which a general IP packet 
is transmitted will be described for each part of the 
entire system. Note that, the general IP packet is an IP 
packet for which the best-effort transmission is to be 
carried out, which is not belonging to a specific flow 
(that is. a set of a series of mutually significant IP pack- 
ets such as a specific video stream) specified by a user 
or a device. 

As shown in Fig. 5. a VC (Virtual Connection) 501 
for IP packet transmission is set up in advance between 
the guide server 102 and the cell switch router 103. 
Also, the similar VC 502 is set up in advance between 
the video server 101 and the cell switch router 103, and 
the similar VC 503 is set up in advance between the 
video server 101 and the guide server 102. When there 
is no specific specification (by the FANP), these VCs are 
VCs set up by the default function for the purpose of 
transferring IP packets therethrough. These VCs will be 
referred hereafter as the default VCs. 

The default VC may be a VC which is established 
by the ATM-ARP (ATM-Address Resolution Protocol) 
insi^^toejrrtraistation _ATM_ backbone-network— 11 0. 
This will now be described. 

At a time of transmitting the IP packet (program 
guide packet) toward the video terminal 106, the guide 
server 102 applies the ATM-ARP inside the intra-station 
ATM backbone network 110. Note that the ATM-ARP 
server is not shown in the figures. 

Assuming that the IP address of the video terminal 
106 is Nb. 1. this video terminal 106 belongs to the IP 
subnet Nb rather than the IP subnet Na inside the CATV 
station, so that this resolution address (ATM address) is 
going to be the address of a router pointing toward the 
IP subnet Nb. that is, the address (ATM address) of the 
cell switch router 103. 

When it is detected that the ATM connection point- 
ing toward the resolution ATM address is already set up 
(VC 501), the guide server 102 transmits that IP packet 
through this VC 501. 

The cell switch router 103 receives this IP packet 
through the default VC 501 . 

Fig. 6 shows an exemplary internal configuration of 
the cell switch router 103. As shown in Fig. 6. the cell 
switch router 103 comprises an IP/FANP processing 
and switch control unit 601 and an ATM switch unit 602. 

The IP/FANP processing and switch control unit 
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601 has a function for processing the received IP packet 
or FANP packet, and a function for controlling the set- 
ting of the ATM switch unit 602 according to the FANP 
processing result. Note that, among the VCs from the 
connected ATM network, for each of the VCs 501 and 
502 which is the default VC set up from the beginning 
for the purpose of IP packet transfer, a VC terminal point 
is always the IP/FANP processing and switch control 
unit 601 inside this cell switch router 103. 

The ATM switch unit 602 comprises an ATM switch. 
Among output ports of the ATM switch, at least one is 
set at the IP/FANP processing and switch control unit 
601. 

Here, the setting is made so that the IP packet 
transmitted through the default VC will be always for- 
warded to the IP processing unit (IP/FANP processing 
and switch control unit 601) of the nodes at two ends of 
that default VC. 

When it is confirmed that the received IP packet is 
destined to the video terminal 106 (by confirming that 
the destination IP address of this IP packet is the IP 
address Nb. 1 of the video terminal 106), the IP 
processing unit (IP/FANP processing and switch control 
unit 601) of the cell switch router 103 carries out the 
routing according to the internal IP routing table so as to 
determine the output physical port 

At the output physical port, the cell switch router 
1 03 carries out the ATM-ARP with respect to the access 
ATM network 111 so as to determine the VC for trans- 
mitting this IP packet. Note that, in Fig. 1 , the ATM-ARP 
server to be used here is also not shown. 

The ATM-ARP is carried out with respect to the 
entire access ATM network 111, and eventually the ATM 
address of th e N I U 1 04 will be resolved . 

The ATM address to be resolved here is that of the 
NIU 104 and not that of the video terminal 106. Namely, 
this address resolution is the proxy resolution, that is, 
the deputy resolution. In a case where the ATM network 
and the other network (such as the Ethernet or the 1 394 
bus 112 or 113 of this embodiment) are inter-con- 
nected, the address to be resolved in response to the 
address resolution request from inside the ATM network 
should be an ATM address, but a resolution target termi- 
nal may not necessarily be present on the ATM network, 
so that the ATM address of the NIU 104 will be resolved 
in this case. 

In the system of this embodiment as will be 
described below.'the cell switch router 103, the NIU 104 
and the 1394 gateway 105 are the FANP nodes, so that 
the ARP is terminated once at each of these nodes and 
the responded by proxy. Namely, the address resolution 
is carries out sequentially in time series as shown in Fig. 
7. 

(Step S701): The address resolution request for the 
address of the video terminal 106. from the cell switch 
router 1 03 to the access ATM network 111. 

(Step S702): The address resolution request for the 
address of the video terminal 1 06, from the NIU 1 04 that 



received the address resolution request of the step 
S701 to the first 1394 bus 1 12. 

(Step S703): The address resolution request for the 
address of the video terminal 106, from the 1394 gate- 
s way 105 that received the address resolution request of 
the step S702 to the second 1394 bus 113. 

(Step S704): The address resolution from the video 
terminal 106 to the 1394 gateway 105 (where the 
resolved address is the 1394 address of the video termi- 
io nal 106). 

(Step S705): The address resolution from the 1394 
gateway 105 to the NIU 104 (where the resolved 
address is the 1394 address of the 1394 gateway 105). 
(Step S706): The address resolution from the NIU 
75 104 to the cell switch router 103 (where the resolved 
address is the ATM address of the NIU 104). 

When the above procedure is finished, the IP 
packet transmission sequence is carried out (steps 
S707, S708 and S709). 
20 The procedure shown in Fig. 7 is a scheme in which 
the address resolution is carried out sequentially from 
an end, and the IP packet transmission is started at a 
timing where all the datalink layer addresses are 
resolved. However, it is also possible to use a scheme 
25 as shown in Fig. 8 in which the address resolution is 
carried out hop by hop, and the IP packet is forwarded 
sequentially every time the address is resolved. 

Now, according to the resolved ATM address (the 
ATM address of the NIU 104), the cell switch router 103 
30 checks whether there is an ATM-VC (a default VC 901) 
that is established with respect to this ATM address or 
not. Here, if it is not established yet it is established, as 
indicated in Fig. 9. 

_Thereafter,_thexelLswitch-routerJ03-transmits-the — 

35 IP packet through the VC 901, and this IP packet 
reaches to the NIU 104. 

Fig. 10 shows an exemplary internal configuration 
of the NIU 104. As shown in Fig. 10, the NIU 104 com- 
prises an ATM physical layer processing unit 1001, an 
40 ATM/AAL processing unit 1002, a first MUX/DEMUX 
1003, an IP/FANP processing unit 1004, a second 
MUX/DEMUX 1005, a 1394 link processing unit 1006, a 
1394 physical processing unit 1007, an ATM/1394 
transfer unit 1008, an ATM control unit 1009, and a 1394 
45 control unit 1010. 

The ATM physical layer processing unit 1001 has a 
function for terminating the ATM transmission path from 
the external, carrying out the ATM physical layer 
processing, and forwarding the ATM cell to the neigh- 
50 boring ATM/AAL processing unit 1002, and a function 
for applying the ATM physical layer processing with 
respect to the ATM cell flow from the ATM/AAL process- 
ing unit 1002 and transmits it to the external. 

The ATM/AAL processing unit 1002 applies the 
55 ATM layer processing and the AAL processing to the 
ATM cell flow received from the ATM physical layer 
processing unit 1001, takes out the AAL-SDU (AAL 
Service Data Unit: IP packet. MPEG frame, etc.). and 
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transmits it to the IP/FANP processing unit 1004, the 
ATM/1394 transfer unit 1008, or the ATM control unit 
1 009 (in a case of the signaling packet, etc.) through the 
first MUX/DEMUX 1003, by referring to the VCI value, 
according to the mechanism to be described below. 5 
Also, the ATM/AAL processing unit 1002 has a function 
for assembling ATM cells by applying the AAL (ATM 
Adaptation Layer) processing to data (IP packet, MPEG 
frame, etc.) from the first MUX/DEMUX 1003 and 
assembling ATM cells, and transmitting them to the w 
neighboring ATM physical layer processing unit 1001 by 
applying the ATM layer processing. 

The first MUX/DEMUX 1003 has a function for dis- 
tributing data from the ATM/AAL processing unit 1002 
into the IP/FANP processing unit 1004, the ATM/1394 is 
transfer unit 1008, and the ATM control unit 1009, 
according to the VCI value, and a function for collecting 
data from the IP/FANP processing unit 1004, the 
ATM/1394 transfer unit 1008, and the ATM control unit 
1009 into the ATM/AAL processing unit 1002. 20 

The IP/FANP processing unit 1004 has a function 
for terminating the IP packets or the FANP packets 
transmitted from the ATM side or the 1394 side, and 
applying the IP processing and the FANP processing. 
Hence, the IP packets (including the FANP packets) 25 
transmitted through the default VCs (the asynchronous 
channels or asynchronous writes for the 1394 side as 
described below) from the ATM side and the 1394 side 
will be forwarded to this IP/FANP processing unit 1004. 
The IP/FANP processing unit 1004 also has a function 30 
for carrying out a series of ARP procedures such as the 
address resolution from the IP address to the datalink 
address (the ATM address, the 1394 address). 

At this IP/F^NP^roc^sing j^iM004, Jhe^ packet^ _ 
routing "procissing (a processing for determining the 35 
physical port to which the IP packet is to be transmitted) 
is carried out according to the destination IP address of 
the IP header, but unlike the general router, the so 
called IP routing protocol processing is not carried out 
at this part. 40 

The second MUX/DEMUX 1005 has a function for 
collecting data from the IP/FANP processing unit 1004 
and the ATM/1394 transfer unit 1008 into the neighbor- 
ing 1394 link processing unit 1006, and a function for 
distributing data from the 1394 link processing unit 1006 45 
into the IP/FANP processing unit 1004 and the 
ATM/1394 transfer unit 1008, by referring to the channel 
number, etc. 

The 1394 link processing unit 1006 and the 1394 
physical processing unit 1007 carry out the link layer so 
processing and the physical layer processing of the 
IEEE 1394, respectively. Namely, they provide a func- 
tion for receiving data from the second MUX/DEMUX 
1005 at the 1394 link processing unit 1006, forming 
1394 frames from it, and transmitting them to the 1394 55 
link, in cooperation with the 1394 control unit 1010 
described below, and a function for applying the respec- 
tive 1394 layer processings to 1394 frames (containing 
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both isochronous ones and asynchronous ones) from 
the 1394 link in cooperation with the 1394 control unit 
1010, and transmitting them to the second 
MUX/DEMUX 1005. 

The ATM/1394 transfer unit 1008 has a function for 
setting data from the ATM side and the 1394 side into 
conformity with the respective formats, carrying out the 
datalink conversion, and forwarding them. The data that 
pass through here are going to flow between the ATM 
side and the 1394 side without passing through the 
IP/FANP processing unit 1004 described above. Hence, 
the data forwarding without the IP/FANP processing by 
the IP/FANP processing unit 1004 can be realized 
directly through this ATM/1394 transfer unit 1008, 
according to the VPI/VCI of the ATM or the channel 
number or the destination address of the specific regis- 
ter offset of the 1394, regardless of the type of informa- 
tion such as IP packet, MPEG frame, etc., so that a 
considerable simplification of processing and improve- 
ment of processing time can be expected. It also 
becomes possible to reduce the processing of the 
IP/FANP processing unit 1004. Here, the register offset 
is a region that can be allocated node by node, which is 
given by the last 48 bits address space of the IEEE 
1394 address mapping. 

The ATM control unit 1009 carries out the control of 
the ATM related part, the signaling processing, etc. 

The 1394 control unit 1010 mainly carries out the 
IEEE 1394 transaction layer processing and the serial 
bus management. The 1394 control unit 1010 has a 
function for carrying out data exchange with the 1394 
link processing unit 1006 by applying the above 
processing, for the necessary data to/from the IP/FANP 
„p_rocessing.unit_1004 

Now, the procedure according to Fig. 7 will be 
described. 

The setting is made in advance at the NIU 104 so 
that, among data entered from the default VC (901 of 
Fig. 9) established by the ATM side, the received IP 
packets will be forwarded to the IP/FANP processing 
unit 1004 provided therein. 

At first, the NIU 104 (actually not only the NIU 104 
but also the FANP nodes such as the 1394 gateway 
105) has a routing table as shown in Fig. 1 1 therein, by 
which an information as to which IP terminal exists at 
the physical port of which direction is provided. This is 
realized in a form of providing a routing table at a time of 
carrying out the source routing for each IP terminal (i.e., 
an entry is registered in the routing table for each IP 
address one by one). It is also possible to realize it sim- 
ilarly as the learning bridge so that whenever an IP 
address which is not yet registered in the routing table is 
detected, such an IP address is registered into the rout- 
ing table sequentially. It is also possible to realize it such 
that an IP address for which the passing of a IP packet 
cannot be detected for a certain period of time will be 
deleted from the routing table. 

Now, the processing procedure at the step S701 of 
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Fig. 7 will be described. 

As shown in Fig. 12, at the IP/FANP processing unit 
1004 of the NIU 104, when it is confirmed that the 
received packet is the ARP request (step S1201), that 
the ARP requested IP address is not the own IP 
address (step S1202), and that this IP address is not 
registered in the routing table provided therein (step 
S1203), this ARP request is forwarded to the other 
physical port provided therein, such as the physical port 
of the first 1394 bus (network) 112 of Fig. 1 in this 
embodiment, for example. At this point, the own (NIU 
104's) 1394 address is written into the source address 
of the ARP request packet to be transmitted. 

Fig. 13 shows one exemplary frame/packet format 
for the ARP request to be transmitted from the NIU 104 
to the first 1 394 bus 112. In this way, the ARP request is 
transmitted to the asynchronous channel, i.e., 902 of 
Fig. 9, in a form of having the ARP packet encapsulated 
within the 1394 frame. 

This ARP request is transmitted to be broadcasted 
to the first 1 394 bus 1 1 2, so that it is transmitted with the 
destination ID of the 1394 frame in a form of "bus ID = 
local bus, physical ID = broadcast" or "bus ID = ID of the 
bus it belongs to, physical ID = broadcast" or "channel 
number = assigned asynchronous stream channel". 
The own node ID is entered into the source ID. Note 
that, in a case where the 1394 buses are inter-con- 
nected through the 1394 bridge which is expected to be 
standardized in future at the IEEE, it is also possible to 
consider a method for activating the ARP by using the 
destination ID in a form of "broadcast bus ID" by which 
it is transmitted toward all the 1394 buses, instead of 
using the method here, within the 1394 part. In this 
case, the destination jlS^^^dr^sj^irecllyjes^ve^ 
sothat the reservation of the isochronous channel up to 
the destination terminal may be made by the internal 
protocol (such as IEC1883, for example) of the 1394. 

Returning to the description of Fig. 13, in the 1394 
data portion, the ARP packet is entered into a region fol- 
lowing the LLC/SNAP region. For the ARP packet to be 
encapsulated, an IEEE 1394 number is entered as the 
hardware type, an IP is entered as the protocol type, 
and the length indication and the fact that this packet is 
the ARP request are described in the ARP header. In 
addition, in the data portion, it is also possible to 
describe the own two 1394 addresses, that is, an ID 
called EUI64 which is unchanged by the bus reset 
(which is the ID to be imprinted at a time of shipment by 
the hardware vender) and an address in the 1394 
address space at that point (a node ID and a mem- 
ory/register address). For example, in a case of the NIU 
104, EUI64 will be E4, and the node ID will be (Bb, 2). 

Moreover, the own (NIU 104's) IP address is also 
described. Here, a dummy value is entered for the unre- 
solved destination 1394 address, so that only the desti- 
nation IP address (resolution requested IP address Nb 
1) is entered. 

The 1394 frame as shown in Fig. 13 is transmitted 



to the first 1394 bus 112 through the asynchronous 
channel. This frame will be received by all the nodes 
which are connected to the first 1394 bus 1 12. Among 
them, a terminal which cannot understand the 

5 LLC/SNAP as well as a terminal which does not have 
the IP processing function and the FANP processing 
function will discard this frame immediately. Even at a 
terminal which has the IP processing function, if this ter- 
minal does not have the router function or the FANP 

w function and the own IP address is not the resolution 
requested IP address of the ARP, this frame will be 
ignored. 

At the first 1394 bus 112, there is no IP terminal 
which has the IP address (Nb. 1). while the 1394 gate- 

15 way 105 has the FANP function. 

Fig. 14 shows an exemplary internal configuration 
of the 1394 gateway 105. As shown in Fig. 14, the 1394 
gateway 1 05 comprises a first 1 394 physical processing 
unit 1401, a first 1394 link processing unit 1402, a first 

20 MUX/DEMUX 1403, an IP/FANP processing unit 1404, 
a second MUX/DEMUX 1405, a second 1394 link 
processing unit 1406, a second 1394 physical process- 
ing unit 1407, a 1394 switch unit 1408, a first 1394 con- 
trol unit 1409, and a second 1394 control unit 1410. 

25 The first 1394 physical processing unit 1401, the 
first 1394 link processing unit 1402, and the first 1394 
control unit 1409 provide the physical layer, link layer, 
and the transaction layer/serial bus management func- 
tions of the IEEE 1394 on the first 1394 bus 112 side, so 

30 as to carry out the data forwarding from the isochronous 
channel to the asynchronous channel with respect to 
the IP/FANP processing unit 1404 or the 1394 switch 
unit 1394 bidirectionally, according to the channel 

number of the 1394_or.the_destination ID_or_the destina-- 

35 tion ID with the specific register offset, through the first 
MUX/DEMUX 1403. 

The second 1394 physical processing unit 1407, 
the second 1394 link processing unit 1406, and the sec- 
ond 1 394 control unit 1410 also provide the similar func- 

40 tions on the second 1394 bus 1 13 side. 

The IP/FANP processing unit 1404 has the same 
functions as the IP/FANP processing unit 1004 in the 
NIU 104 of Fig. 10 as described above. 

The 1394 switch unit 1408 is a device for carrying 

45 out data exchange directly among plural 1394 ports, 
without using the processing at the IP/FANP processing 
unit 1404, between the first MUX/DEMUX 1403 and the 
second MUX/DEMUX 1405. This 1394 switch unit 1408 
plays a role of buffer in a case of transferring from one 

so 1394 bus to another 1394 bus. Also, whenever neces- 
sary, this 1394 switch unit 1408 carries out the process- 
ing like the re-stamping of the timestamp of the MPEG 
stream, for example, tn such a case, there is provided a 
correspondence table as shown in Fig. 19 for directly 

55 indicating a correspondence of the channel number or 
the destination address with the specific register offset 
of the 1394 bus on one side with the attribute, the desti- 
nation physical port, and the channel number after con- 
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version, etc. 

Next, the processing procedure of the step S702 of 
Fig. 7 will be described. 

Here, the setting is also made in advance at the 
1394 gateway 105 so that, the IP packet arrived at the 5 
1394 gateway 105 will be forwarded to the IP/FANP 
processing unit 1404 provided therein, after receiving 
the LLC/SNAP analysis. 

Similarly as in Fig. 12, at the IP/FANP processing 
unit 1 404 of the 1 394 gateway 1 05. when it is confirmed 10 
that the received packet is the ARP request, that the 
ARP requested IP address is not the own IP address, 
and that this IP address is not registered in the routing 
table provided therein (steps S1201 to S1203), this ARP 
request is forwarded to the other physical port provided 15 
therein, such as the physical port of the second 1394 
bus 1 13 in this embodiment. At this point, the own (1394 
gateway 105's) 1394 address E2/(Ba. 2) on the second 
1394 bus 113 side is written into the source address of 
the ARP request packet to be transmitted. 20 

This ARP request is also broadcasted on the sec- 
ond 1394 bus 113. The video terminal 106 which 
received this ARP request recognizes that it is the ARP 
request destined to itself, and returns the ARP response 
(step S704 of Fig. 7). 25 

At this point, as shown in Fig. 1 5, the ARP response 
packet is generated by interchanging the source 
address and the destination address within the ARP 
packet and entering the own IP address (Nb. 1) and 
1394 address (E1/Ba, 1). Then, the 1394 frame is gen- 30 
erated by setting the destination address of (Ba, 2), i.e., 
that of the 1394 gateway 105, and this 1394 frame is 
transmitted to the asynchronous channel or asynchro- 
nous write (903of Fjg^9) c^tjie_s^qna , _ 1 394 bus_1J 3, 

When this 1394 frame is received, the 1394 gate- 35 
way 105 registers that the IP terminal Nb. 1 exists on the 
second 1394 bus 1 13 side into the internal routing table, 
and registers the IP address (Nb. 1) of the video termi- 
nal 106 as well as the table of correspondence with the 
1 394 address as shown in Fig. 1 1 into the internal ARP 40 
table (steps S1205 to Si 206 of Fig. 12). Here, the ARP 
table and the routing table may be formed integrally, and 
Fig. 1 1 shows the integrally formed one. 

The 1394 gateway 105 has already recognized that 
the ARP request with respect to the video terminal 106 45 
has come from the NIU 104 of the first 1394 bus 112 
side, so that the 1394 gateway 105 continues to return 
the ARP response to it (step S705 of Fig. 7 and step 
S1207 of Fig. 12). At this point, the response 1394 
address is answered as the 1394 address (E3/Bb, 1) of so 
the 1394 gateway 105. In other words, this is also the 
deputy response. 

Similarly, the NIU 104 also transmits the deputy 
response for the ARP (in which the NIU 104's own ATM 
address Ab. 1 is described as the resolved ATM 55 
address) to the cell switch router 103 through the 
access ATM network 1 1 1 (steps S706 of Fig. 7 and step 
S1207 of Fig. 12). At this point, the VC 901 is used. 
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At this point, at the 1394 gateway 105, the fact that 
the IP address (Nb. 1) of the video terminal 106 exists 
on the second 1394 bus 113 side is registered in the 
internal routing table, arid its 1394 address (the 1394 
address (E1/Ba, 1) of the video terminal 106) is regis- 
tered in the internal ARP table. Also, at a time of the 
ARP request packet processing, the IP address Nb. 3 of 
the NIU 104 and its 1394 address (E4/Bb, 2) are also 
registered in the routing table and the ARP table, 
respectively an the first 1394 bus 112 side (see Fig. 3). 

Also, at the NIU 104, the fact that the IP address 
(Nb. 1) of the video terminal 106 exists on the first 1394 
bus 112 side is registered in the internal routing table, 
and as its 1394 address, the 1394 address of the 1394 
gateway 105 (the 1394 address (E3/Bb. 1) on the first 
1394 bus 112 side) is registered in the internal ARP 
table because of the deputy response. Also, at a time of 
the ARP request packet processing, the IP address Nb. 
4 of the cell switch router 103 and its ATM address are 
registered in the routing table and the ARP table 
respectively, on the access ATM network 1 1 1 side (see 
Fig. 3). 

Also, at the cell switch router 103, the fact that the 
IP address (Nb. 1) of the video terminal 106 exists on 
the access ATM network 1 1 1 side is registered in the 
internal routing table, and as its ATM address, the ATM 
address Ab. 1 of the NIU 104 is registered in the internal 
ARP table because of the deputy response (see Fig. 3). 
At this point, it becomes possible for the cell switch 
router 103 to transmit the IP packet destined to the : - 
video terminal 106. Namely, the cell switch router 1 0S- 
transmits this IP packet through the default VC 901 
(which will be established if not already established at 
-this point)-that is established between-the NIU104-and — 
the cell switch router 103. 

The default VC is established to be connected to 
the IP/FANP processing unit 1004 of the NIU 104. 

When this IP packet reaches to the NIU 104, it is 
conveyed to the IP/FANP processing unit 1004. Here, 
the IP/FANP processing unit 1004 recognizes that the 
destination IP address of Nb. 1 exists on the first 1394 
bus 1 1 2 side by referring to the routing table, and recog- 
nizes its 1394 address (actually the 1394 address Bb. 1 
of the 1394 gateway 105) by referring to the internal 
ARP table, so that the IP/FANP processing unit 1004 
encapsulates this IP packet within the 1394 frame des- 
tined to the 1394 gateway 105 and transmits this 1394 
frame to the first 1394 bus 112 through the asynchro- 
nous channel. 

Fig. 16 shows a format of the IP packet transmitted 
on the 1394 bus. As shown in Fig. 16, the IP packet is 
basically transmitted to the asynchronous write of the 
1394, and encapsulated within the asynchronous frame 
of the 1394. 

Because of the setting made in advance according 
to which the IP packets and FANP packets that arrive at 
the 1394 gateway 105 through the asynchronous chan- 
nel or asynchronous write of the 1394 are to be con- 
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nected to the IP/FANP processing unit 1404 upon 
referring to the LLC/SNAP header, when this IP packet 
arrives at the 1394 gateway 105. it is conveyed to the 
IP/FANP processing unit 1404. Here, the IP/FANP 
processing unit 1404 recognizes that the destination IP 
address of Nb. 1 exists on the second 1394 bus 113 
side by referring to the routing table, and recognizes its 
1394 address (Ba, 1) by referring to the internal ARP 
table, so that the IP/FANP processing unit 1404 encap- 
sulates this IP packet within the 1394 frame destined to 
the video terminal 106 and transmits this 1394 frame to 
the second 1394 bus 113 through the asynchronous 
channel. 

In this manner, the IP packet reaches to the video 
terminal 106 (steps S707 to S709 of Fig. 7 and step 
S401 of Fig. 4). 

Thereafter, the packet destined to the video termi- 
nal 106 that is transmitted from the guide server 102 
can be routed to the video terminal 106 without requir- 
ing the ARP procedure. 

At the video terminal 106, the program guide trans- 
mitted through these IP packets is displayed through the 
browser on the video terminal 106. The user makes the 
request for a desired program through this browser. This 
request is also made by using the IP/HTTP (step S402 
of Fig. 4). Of course, there is no need for the user to be 
conscious of facts like what communication protocol is 
being used. 

Thereafter, various control procedures are carried 
out in order to carry out the video service such as the 
user authentication, the charging procedure, etc., 
between the guide server 102 and the user (video termi- 
nal 106) (step S403 of Fig. 4). These control procedures 
are also carried out by using IP/HTTP. 

When these"procedures are finished, the operation 
proceeds to a procedure for the purpose of video deliv- 
ery. First, a control signal for program transmission is 
transmitted from the guide server 102 to the video 
server 1-1 (step S404 of Fig. 4). This control signal 
exchanges the basic information concerning the video 
transmission such as which program is transmitted for 
how long and to whom. This control signal exchange is 
carried out through the default VC 203 between the 
guide server 102 and the video server 101 . This opera- 
tion may be realized through the CGI and the like of the 
guide server. There is also a case in which the proce- 
dure is carried out directly with respect to the video 
server 1-1 by using the language such as JAVA. 

After that, the exchanges for procedures that 
should be done prior to the video transmission are car- 
ried out between the video server 101 and the video ter- 
minal 106. For example, the confirmation of the coding 
scheme, the confirmation of the reception possible 
bandwidth value, etc., are carried out (step S405 of Fig. 
4). These exchanges may be carried out through 
IP/HTTP similarly as described above. When the agree- 
ment between the video server 1-1 and the video termi- 
nal 106 is made, the operation proceeds to a procedure 



for establishing a datalink connection for guaranteeing 
the bandwidth from the video server toward the video 
terminal. 

Next, this procedure will be described with refer- 

5 ences to Fig. 17 and Fig. 18. 

Consider a case of deliverying video by a certain 
bandwidth (4 Mbps. for example) with respect to the 
video terminal 106 (IP address Nb. 1). The video server 
101 carries out the address resolution for the IP address 

w Nb. 1 (step S1701), and then carries out the ATM call 
set up between the video server 101 and the cell switch 
router 103 so as to establish an ATM connection having 
the bandwidth of 4 Mbps between the video server 101 
and the cell switch router 103 that corresponds to the 

75 resolved address (step Si 702). 

Here, for the detailed parameters required in a case 
of the call set up, appropriate values are set up in 
advance at the video server side, and these values are 
to be utilized as they are. 

20 When the call set up is completed and the ATM con- 
nection 2101 of 4 Mbps is established between the 
video server 101 and the cell switch router 103, the 
video server 101 starts the processing determined by 
the FANP by using this ATM connection 2101 . 

25 The datalink connection established in this manner 
for the purpose of some specific flow transmission 
between the FANP nodes will be called a dedicated 
datalink connection. 

The FANP is a protocol for notifying (ID of) the con- 

30 nection with the datalink and a relation with respect to 
the information to be sent through that connection to the 
neighboring node. In the following, this procedure will 
be described in detail. Note that the present invention 
use s the ^^P_f unctiori which Lisjmpdif ied jrom the con^_ 

35 ventional FANP function, and such a modified FANP 
function will be referred to as an extended FANP func- 
tion hereafter. In the following, the detailed descriptions 
will be given for such modified portions. 

At the step S1703 of Fig. 17, first, the video server 

40 101 exchanges the VCID exchange messages through 
the established ATM connection 2102 as shown in Fig. 
21. Through this message exchange, the devices on 
both ends share the meaning of the VCID value (which 
will be described below). This operation is carried out 

45 through the exchange of the VCID exchange messages 
of the FANP (see Fig. 22). 

Fig. 20 shows an exemplary format of a message to 
be exchanged here. This message format is almost the 
same as the format of the ARP packet in the ATM-LAN. 

50 The hardware type is set to be ATM, the protocol type is 
set to be IP, the sender IP address is set to be the IP 
address of the video server 101 , the target IP address is 
set to be the IP address of the video terminal 106. and 
the VCID (Virtual Connection ID) is Set to be a globally 

55 unique address (MAC address of the ATM board) of the 
video server 101 and a sequence number appropriately 
determined by the video server 101. 

The VCID is an identifier that can be commonly rec- 
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ognized at both ends of the VC. which is provided 
because the VPI/VCI is generally different at both ends 
of the VC in the ATM. 

Also, as the VCID exchange messages, ACK and 
NACK are provided, and they are to be distinguished by 5 
the operation code. This ACK/NACK is sent through the 
default VC 502 as shown in Fig. 22. Here, when ACK is 
returned, it implies that the agreement on the VCID 
value is made between the devices at both ends. When 
NACK is returned, it implies that no agreement is made, w 

In a case where the FANP node is a router, the ACK 
message is returned by simply changing the operation 
code value. A case where the FANP node is not a router 
will be described below. 

When the agreement on the VCID is made, the is 
video server 1-1 starts the exchange of the flow 
exchange message next as indicated in Fig. 22. 

In the present invention, the reservation of the ded- 
icated datalink connection is requested to the next hop 
node through this flow exchange message. Namely, the 20 
information on the destination IP address, a desired 
bandwidth to be reserved, the communication attribute, 
etc. are attached to this flow exchange message and 
this flow exchange message is sent to the next hop 
FANP node, so as to request the next hop FANP node 25 
to set up an end-to-end connection connected to the tar- 
get terminal. 

The FANP node reserves the necessary datalink 
connection (dedicated datalink connection) that satis- 
fies the sequentially requested conditions between the 30 
neighboring nodes, and relates this dedicated datalink 
connection with the dedicated datalink connection noti- 
fied from the previous hop. This relating operation is 

carried out on the VCI table. After this relating operation 

-is carried outr values~of the "reserved bandwidthT the 35 
attribute (indicating that data flowing therethrough is the 
MPEG video, etc.), the output port, the output header 
(VPI/VCI), etc., can be ascertained implicitly by simply 
referring to the value of the VPIA/CI. 

This operation is carried out sequentially up to the 40 
destination terminal (the video terminal 106 in this 
embodiment), and eventually the end-to-end connection 
is established. 

Fig. 23 shows an exemplary format of the flow 
exchange message. By the operation code portion of 4s 
this flow exchange message, the type of the flow 
exchange message is indicated. 

The flow exchange message includes an offer mes- 
sage (operation code = 1), a redirect message (opera- 
tion code = 2), an error message (operation code = 3), so 
a release message (operation code = 4), a release ACK 
message (operation code = 5), and a pending message 
(operation code = 6). For details, see Japanese Patent 
Application No. 7-58196 (1995). 

In this embodiment, the value "1" is fixedly entered ss 
into the VCID type. When the VCID type = 1, an ESI 
(End System ID, which is : usually the MAC address of 
the end system) and a sequence number are entered 



into the VCID. 

This VCID has the meaning that there is an agree- 
ment that "let's call this VC (isochronous channel) by 
the VCID value at the FANP nodes of both ends". (Note 
that, when a different scheme for expressing the VCID 
appears, another value will be allocated.) 

The flow ID type specifies a scheme for expressing 
the flow ID. Here, the flow is a specific meaningful infor- 
mation (a specific set of mutually meaningful informa- 
tion transmitted toward a specific destination from a 
specific source). The flow ID is an ID for uniquely identi- 
fying a certain flow. This flow ID will be described in fur- 
ther detail below. 

The other parameters are optional, and given by 
TLV (Type, Length, Variable) based descriptions. In this 
embodiment, the communication quality information, 
the end-to-end ACK (e-ACK), and the communication 
attribute are entered there. 

To the communication quality information, a value 
of communication quality to be required to the connec- 
tion to be established will be entered. For this value, a T- 
spec value of int-serv of IETF may be entered, for exam- 
ple. In this embodiment, it suffices to enter a value 
which indicates 4 Mbps which is a value of the required 
bandwidth. 

The e-ACK flag is a flag for requesting the transmis- 
sion of an ACK signal from the final point to the trans- 
mission point. This end-to-end ACK signal will provide a 
clue for the transmission device (the video server 101 in 
this embodiment) to ascertain whether the connection 
establishing up to the final point (the video terminal 106 
in this embodiment) has been successful or not. 

The video server 101 sends the offer message 
among Jhefjovv exchange_messages. to the cell-switch- 
router 103 which is the neighboring FANP node, as indi- 
cated in Fig. 22. This message sending is carried out 
through the default VC 502 between the video server 
101 and the cell switch router 103. 

This message contains the operation code indicat- 
ing that it is the offer message, the VCID, the flow ID, the 
communication attribute, the communication quality 
(bandwidth information), and the e-ACK flag, as indi- 
cated in Fig. 24. The last three of these are options 
expressed in the TLV format. 

To the VCID, the MAC address of the video server 
101 and the sequence number assigned by the video 
server 101 are entered. 

To the f tow ID, basically a value such as the destina- 
tion IP address is entered, as will be described below. 

To the communication attribute, an indication that 
the data to be transmitted is the MPEG stream is 
entered. 

The bandwidth information indicates the bandwidth 
of that video stream (4 Mbps in this embodiment), and 
the e-ACK flag is ON because the video server 101 
requests the end-to-end ACK. 

At the cell switch router 103 which is the neighbor- 
ing FANP node that received this message, the received 
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packet is processed by the IP/FANP processing and 
switch control unit 601 . 

By looking at the e-ACK flag, it can be understood 
that the transmitting side requests the reservation of the 
end-to-end connection. Therefore, in order to establish 
the end-to-end connection, the forwarding of the FANP 
message toward the direction of the destination IP 
address (the video terminal 106) and the pending mes- 
sage for the purpose of notifying "please wait for awhile 
until the connection is established (or the processing 
load becomes lower)" to the transmitting side (the video 
server 101) are defined (see Fig. 25). 

The pending message is transferred after the VCID 
and the flow ID possessed by the corresponding offer 
message are attached thereto. 

At the video server 101 that received the pending 
message, a response to the earlier transmitted offer 
message will be awaited for awhile. 

Also, the cell switch router 103 forwards this FANP 
message toward the direction of the video terminal 106 
so as to establish the end-to-end. datalink connection, 
and tries to transmit the offer message toward the direc- 
tion of the video terminal 106. 

At this point, the resolved address of the video ter- 
minal 1 06 is the ATM address of the NIL! 104, so that the 
ATM connection with the bandwidth (4 Mbps) described 
in the offer message is established between the cell 
switch router 103 and the NIU 104 (step S1704 of Fig. 
17). Namely, as shown in Fig. 21, the ATM connection 
2102 for video transmission is established in addition to 
the default VC901. 

When this ATM connection 2102 is established, the 
cell switch router 103 transmits the VCID exchange 
m^sag ^thjx)jjgh AT^^ 

in a case of the video server 101 (step S1705 of Fig. 
1 7). Note that the setting is made in advance so that the 
data transmitted through this ATM connection 2102 will 
be transmitted to the IP/FANP processing unit 1004 of 
the NIU 104. 

At the NIU 104 that received this message, it is 
ascertained that the destination IP address of the FANP 
message is not its own. and it is directed to the video 
terminal 106 (IP address = Nb. 1). from this VCID 
exchange message. Assuming that the subsequently 
arriving FANP message (such as the offer message) is 
destined to the IP address (Nb. 1) of the video terminal 
106, the IP/FANP processing unit 1004 of the NIU 104 
cannot confirm that this is the FANP packet unless the 
protocol type and the port number of the IP packet are 
checked, so that either the FANP processing cannot be 
carried out or else the protocol type and the port 
number must be checked for all packets destined to the 
IP/FANP processing unit 1004 in order to carry out the 
FANP processing. 

In order to avoid this, the fact that the neighboring 
FANP node is not the video terminal 106 but the NIU 
104 is notified to the Cell switch router 103 which is the 
neighboring FANP node. To this end. the own IP 



address (Nb. 3) is entered into a field for the target IP 
address in the VCID exchange message, and the pro- 
pose ACK message is returned (see Fig. 20). 

In this way, the cell switch router 103 can ascertain 

5 that the next hop FANP node is not the video terminal 
106 but the NIU 104 (IP address » Nb. 3) in the routing 
path toward the video terminal 106, and recognize that 
it suffices to transmit the subsequent FANP message 
(the FANP message toward the video terminal 106) 

w about that VCID value to the NIU 104. 

After that, the cell switch router 103 transmits the 
offer message of the flow exchange messages to the 
NIU 104. Hence, by the ARP table search, this offer 
message will be transmitted through the default VC 901 . 

75 The destination IP address of this offer message is the 
IP address Nb. 3 of the NIU 104. 

The NIU 104 can ascertain the final target IP 
address (the IP address of the video terminal 106) by 
looking at the flow ID portion (which will be described 

20 below). The others including the communication 
attribute, the communication quality, the e-ACK flag, etc. 
are forwarded as they are. 

At the NIU 1 04 that recognized the need to set up a 
connection of 4 Mbps to the video terminal 106 in this 

25 way, the fact that the video terminal 106 exists in the 
direction of the first 1 394 bus 1 1 2 is recognized by refer- 
ring to the internal routing table, and the establishing of 
an isochronous channel of 4 Mbps on the first 1394 bus 
112 is carried out. 

30 This operation is done as the NIU 1 04 appropriately 
sets up the isochronous resource manager register, and 
sequentially carries out the reservation of the bandwidth 
and the reservation of the channel number (step S1 706 

of Fjg. J 7), 

35 Next, the NIU 104 carries out the sending of the 
VCID exchange message (step S1707 of Fig. 17), and 
there are several methods for realizing this operation. 

The first method is a method in which the earlier 
acquired isochronous channel number is notified to the 

40 1 394 gateway 1 05 by the protocol of the 1 394 itself, and 
the setting is made in advance so that this channel will 
be connected to the IP/FANP processing unit 1404. 
Else; the setting may be made such that the established 
isochronous channel will be connected to the IP/FANP 

45 processing unit 1404 by default. It is also possible to 
make the setting in which the fact that this is the 
IP/FANP packet is recognized by referring to the 
LLC/SNAP header, and then this is transferred to the 
IP/FANP processing unit 1404. 

so The FANP node may have the setting by which the 
IP/FANP processing unit 1404 distinguishes the input 
packet as either the IP packet or the FANP packet and 
carries out the FANP processing only if it is the FANP 
packet. 

55 After that, the VCID exchange message as shown 
in Fig. 26 is sent to that isochronous channel. At the 
IP/FANP processing unit 1404 of the 1394 gateway 105 
that received this VCID exchange message, the own IP 



19 



37 



EP 0 835 037 A2 



38 



address (Nb. 2) is entered into the ACK message and 
this ACK message is returned to the NIU 104 through 
the asynchronous channel or asynchronous write. 

The sequence shown in Fig. 18 shows the 
sequence shown in Fig. 1 7 in further detail according to s 
the first method as described above. 

The second method is a method for sending the 
VCID exchange message toward the 1394 gateway 105 
by using the asynchronous channel or asynchronous 
write. The resolved address of the video terminal 106 is io 
set to be the 1394 address of the 1394 gateway 105. 
The setting is made such that this VCID exchange mes- 
sage reaches to the IP/FANP processing unit 1404 of 
the 1394 gateway 105. One method for realizing the 
above setting is to make the setting in advance such is 
that the VCID exchange message automatically 
reaches to the IP/FANP processing unit 1404. Another 
method for realizing the above setting is a method in 
which the NIU 104 carries out the RARP and the like 
from the 1394 address of the 1394 gateway 105 to 20 
check the IP address Nb. 2 of the 1394 gateway 105 in 
advance, and sends the VCID exchange message 
toward this IP address Nb. 2. 

The third method is a method for a case in which 
the setting is made in advance such that the message is 25 
conveyed to the IP/FANP processing unit 1404 by the 
LLC/SNAP The 1394 gateway 105 that received this 
message attaches the own IP address to the ACK of the 
VCID exchange message and returns this ACK to the 
NIU 104, similarly as in a case of the NIU 104. In this 30 
way, the NIU 104 can also recognize that the next hop 
FANP node leading to the video terminal 106 is the 
1394 gateway 105 (IP address = Nb. 2), so that it 

b ecomes possi ble to serd th^ub^u^tJANP packet 

(flow exchange message) with respect to the 1 394 gate- 35 
way 105, rather than sending it directly to the video ter- 
minal 106. 

The above described is an exemplary case of 
reserving the isochronous channels, but in a case of 
using the register offset in the asynchronous mode, an 40 
agreement is made on a value of the register offset to 
be used at a time of communication between the NIU 
104 and the 1394 gateway 105. Thereafter, in the FANP 
message, this register offset value is transmitted 
instead of the isochronous channel number. 45 

The operation at the 1394 gateway 105 after that is 
the similar to the operation at the NIU 104 described 
above. Namely, the flow exchange message is received, 
and the need to establish the reservation of the band- 
width of 4 Mbps between the 1394 gateway 105 and the so 
video terminal 106 is recognized. The pending mes- 
sage is sent to the NIU 104 which is the previous hop 
FANP node, while the isochronous channel of 4 Mbps 
and its channel number are reserved on the second 
1394 bus 113 with respect to the video terminal 106 55 
(step S1708 of Fig. 17), and the VCID exchange mes- 
sage is sent toward the : video terminal 106 by the 
method similar to those described above (step S1 709 of 



Fig. 17). 

In response to the VCID message (propose mes- 
sage), if it is acceptable, the video terminal 106 returns 
ACK (propose ACK). Then, the flow exchange message 
of the FANP is received through the asynchronous 
channel or asynchronous write, and recognizes that this 
is a message destined to this video terminal 106. The 
fact that the contained data is the MPEG stream can be 
recognized according to the communication attribute 
field, but this can also be done by the other methods. As 
an example, the video terminal 106 may be made so 
that it is possible to ascertain the attribute of data that 
will be arriving from this channel according to the flow ID 
value. 

For example, this can be realized by implicitly enter- 
ing an information as to which port numbers are the 
transport stream of MPEG2, etc. in advance. Also, as 
the e-ACK flag is erected, the need to transmit the end- 
to-end ACK message indicating that the FANP message 
was accepted, with respect to the transmission terminal 
(i.e., the video server 101), can also be recognized. — 

When it is acceptable, a re-direct message as 
shown in Fig. 27 is returned to the previous hop 1394 
gateway 105 as the exchange of the flow exchange 
message. 

The re-direct message is sent to the 1394 gateway 

105 by using the asynchronous channel or asynchro- 
nous write of the second 1394 bus 113. 

As shown in Fig. 27. the re-direct message has val- 
ues of the VCID and the flow ID entered therein, so that 
the 1394 gateway 105 that received this message can 
recognize the offer message that was earlier transmit- 
ted from it to which this re-direct message corresponds. 

It is also possible to use a scheme in which the end-- 

to-end ACK signal is contained in this re-direct mes- 
sage, and as described below, when the FANP node 
that received this end-to-end ACK transmits to the re- 
direct message to the upstream side, that FANP node 
also transmits this re-direct message by erecting the 
end-to-end ACK signal. 

In this way, it becomes possible to return the end- 
to-end ACK from the final terminal (the video terminal 

106 in this embodiment) to the transmission terminal 
(the video server 101). Note that there is no need to 
mount this end-to-end ACK on every re-direct message, 
and it is possible to use a scheme in which it is also 
transmitted to the upstream side only when it is received 
from the downstream side, for example. 

The 1394 gateway 105 that received the re-direct 
message interprets that the earlier transmitted offer 
message was accepted. At this point, the 1394 gateway 
105 recognizes that, hereafter, when the MPEG video 
for example is entered from the isochronous channel 
2103 of the first 1394 bus 1 1 2, it is necessary to trans- 
mit it further to the isochronous channel 2104 of the 
second 1394 bus 113. Consequently, the IP/FANP 
processing unit 1404 makes the necessary setting (the 
initialization of the internal queue, the setting of the cor- 
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respondence table of Fig. 19, etc.) by which the data 
from the isochronous channel 2103 will be forwarded to 
the 1394 switch unit 1408 at the first MUX/DEMUX 
1403, and this data will be transmitted at the 1394 
switch unit 1408 to the second MUX/DEMUX 1405 by 5 
applying only the datalink layer processing (that is, the 
switching of the 1394 frames among the 1394 buses by 
checking only the channel number or the destination 
address with the specific register offset). 

In addition, the setting is also made with respect to w 
the second MUX/DEMUX 1405 so that this data will be 
transmitted to the isochronous channel 2104 of the sec- 
ond 1394 bus 113. 

Moreover, the re-direct message is also transmitted 
to the previous hop NIU 104. 75 

At this point, when the e-ACK is erected in the re- 
direct message from the downstream side, the e-ACK is 
also erected there. 

These steps are repeated up to the video server 
101. Note that the NIU 104 has the setting (the setting 20 
of the correspondence table for enabling the direct con- 
version from the VPI/VCI value of the ATM to the chan- 
nel number of the 1394) for the ATM/1394 transfer unit 
1008 by which it is possible to carry out the data for- 
warding at the datalink layer (without using the process- 25 
ing at the IP/FANP processing unit) from the ATM 
connection 2102 to the isochronous channel 21 03 of the 
first 1394 bus 112 simply by the datalink switching from 
the ATM to the 1394. 

Also, at the cell switch router 103, the direct ATM 30 
layer connection (the setting of the VCI table) is made 
for the ATM connection 2101 and the ATM connection 
2102 by the internal ATM switch 602. At this point, all 
the datalink connections Jromjhe^video . server. 1.0_1_to__ 



the video terminal 106 are established. This is shown in 35 
Fig. 28. 

In addition, by the arrival of the end-to-end ACK, it 
is indicated that the video reception preparation is ready 
at the video terminal 1 06 which is the target terminal 
(step S1 710 of Fig. 17). 40 

Here, prior to the connection establishing, the video 
server 101 can start transmitting video data to the VC 
2101 by which the FANP message exchange was car- 
ried out. The transmitted video data reaches to the 
video terminal 106 basically without receiving any inter- 45 
mediate IP layer processing, along the connection of 
Fig. 28. 

Note that the data to be transmitted can be either 
raw MPEG data or MPEG data encapsulated within IP 
packets (that is, the so called MPEG-over-IP). so 

In the former case, the MPEG data will be transmit- 
ted according to the MPEG-over-ATM specification 
standardized by the ATM forum (SAAVer. 1 specifica- 
tion) while the MPEG data are transmitted on the ATM, 
and according to the MPEG-over- 1394 specification 55 
standardized by the digital VTR conference while the 
MPEG data are transmitted on the 1394. Also, in this 
case, at the ATM/1394 transfer unit 1008 of the NIU 104. 



the transfer and the format conversion between the 
MPEG-over- ATM and the MP EG -over -1394 will be car- 
ried out. In this case, the end-to-end datalink layer con- 
nection set up for the purpose of the raw MPEG video 
data transfer is made by using the FANP. In this case, 
the triggering of these processings can be done by the 
VPI/VCI value which is the datalink layer header. 

As described, according to this first embodiment, 
the following effects can be realized. 

(1) Even under the environment in which different 
types of network technologies (datalink technolo- 
gies) such as ATM and IEEE 1394 are mixedly 
present, it becomes possible to carry out the data 
transfer by establishing the end-to-end datalink 
layer connection. 

(2) In a case of carrying out the data transfer at the 
datalink connection point, there is a degree of free- 
dom in that it is possible to control the inter -con- 
necting device such that the datalinks can be 
connected directly, without using the processing by 
the IP/FANP processing unit, so that it becomes 
possible to carry out the high speed data transfer 
wherever necessary. 

(3) Even if the data to be transmitted is not the IP 
packet, it is possible to realize the route setting for it 
by using the IP/FANP for the control of the connec- 
tion establishing, so that it becomes possible to 
realize any desired data transfer with respect to any 
desired location. 

(4) In the FANP node, the routing protocol such as 
OSPF is not operated unlike the conventional 
router, so that there is basically no need to support 

thedynamical routing r and-therefore-the processing- 
load is lighter compared with the conventional 
router. 

Now, once the directly connected connections are 
established as shown in Fig. 28, these end-to-end data- 
link layer connections can be maintained fixedly. 

In this case, as long as the explicit connection 
release control message does not come, these connec- 
tions will be continued permanently so that the connec- 
tions will be maintained in a hard state. In this case, at 
the end of the communication, the sender, the receiver, 
or the intermediate node transmits the connection 
release message among the flow exchange messages 
of the FANP, so as to urge the connection release to 
each FANP node. 

. Here, the case in which the sender requests the 
connection release can arise at the end of the program, 
or when the reserved time is over. Also, the case in 
which the receiver requests the connection release can 
arise when the user wishes to disconnect that connec- 
tion voluntarily, or due-to the reception terminal setting 
(such as the timer reservation). Also, the case in which 
the intermediate node requests the connection release 
can arise when a cable disconnection, a power supply 
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disruption, etc. is detected at an intermediate location. 

As shown in Fig. 29, the connection release is car- 
ried out by the exchange of the release message and 
the release ACK message among the flow exchange 
messages. 

The node 2901 that carries out the connection 
release transmits the release message to the neighbor- 
ing FANP node 2902, and the FANP node 2902 that 
received this message transmits the release ACK mes- 
sage. Here, the connection release is merely the releas- 
ing of the "datalink connections inter-connected" state 
at the FANP node (the releasing of a pipe indicated by 
dashed lines in Fig. 28), and the releasing of the VC in 
the ATM network or the datalink layer connection such 
as the isochronous channel in the IEEE 1394 is not 
absolutely necessary. 

When some node receives the connection release 
request from the upstream or downstream side, and 
judges that it is meaningless to maintain the connection 
to its downstream or upstream side from the overall 
viewpoint (because the data transfer beyond there will 
be no longer maintained due to that connection 
release), that node will continue to make (forward) the 
connection release request further to its downstream or 
upstream side. 

Also, as shown in Fig. 30, the connection may be 
maintained in a soft state. In the soft state, the down- 
stream node regularly transmits the re-direct message 
to the upstream node so that the upstream node recog- 
nizes that the downstream node is capable of continuing 
to receive data at a corresponding datalink connection, 
and continues to send data into that datalink connec- 
tion. This transmission of the re-direct message is car- 
J^i^^t ^e p£escnl^_r^ 

Fig. 30. Then, when the re-direct message did not reach 
to the upstream node after the prescribed refresh period 
elapsed (a state indicated as 3002 in Fig. 30), the 
upstream node judges that the downstream node 
became impossible to receive data at that datalink con- 
nection so that the upstream node stops the data trans- 
fer to that datalink connection. 

The downstream node transmits the re-direct mes- 
sage regularly to the upstream node as long as data is 
flowing in that datalink connection. The re-direct mes- 
sage is transmitted at the refresh interval indicated by 
the offer message. When no data is flowing, the re- 
direct message is not transmitted. 

By transmitting the re-direct message in this man- 
ner, it is possible for the upstream node to confirm that 
the datalink connection (2101, 2102, 2103 or 2104) 
related to that re-direct message is operating normally 
and that the downstream node is active. 

Here, when the upstream node is broke down for 
some reasons, in order to avoid leaving the downstream 
node in a state of having that datalink connection set up, 
this datalink connection is released from the down- 
stream node when a state of having no data flowing in 
that datalink connection continues for a certain period of 



time at the downstream node. 

Also, when the data transferred by that datalink 
connection is the IP packet, in conjunction with the end 
of the IP packet transfer by that datalink connection, it is 

5 also possible to carry out the switching of that IP packet 
transfer from that dedicated datalink connection to the 
default VC (default channel = asynchronous channel or 
asynchronous write). 

Next, a method for using the flow ID as described 

10 above will be described. 

In a case of transmitting the IP packets through the 
datalink layer connections established according to the 
present invention, a typical method is to use the flow ID 
given by "IP address of the transmitting terminal + IP 

is address of the receiving terminal" or "IP address of the 
transmitting terminal + port number of the transmitting 
terminal + IP address of the receiving terminal + port 
number of the receiving terminal". 

In a case of entering the IP packets into the datalink 

20 layer connections which are directly connected by this 
method, it suffices for the intermediate FANP node to 
distinguish the IP flows to be entered by entering only 
those IP packets which have a specific set of "source 
address + destination address" or "source address + 

25 source port number + destination address + destination 
port number" among the IP packets. Note that this oper- 
ation may be done by any intermediate FANP node 
(usually a router). Also, this directly connected connec- 
tions may be interrupted anywhere. As such, what value 

30 is to be used as the flow ID value can be ascertained by 
each FANP node according to the flow ID type number; 

Next, a case of entering the raw data (such as 
MPEG data, for example) rather than the IP packets into 

the.directly connected datalink layer connections will be~ 

35 considered. 

First, consider a case of entering "destination IP 
address + destination port number" as the flow ID. If the 
both sides of the transmitting and receiving terminals 
acknowledge in advance a rule like "when a value in a 

40 certain range is used as a value of the destination port 
number, raw data rather than IP packets will be entered 
into the directly connected datalink layer connections", 
then by looking at the destination port number of the 
flow ID, the FANP node can recognize that data that will 

45 subsequently flow in are not the IP packets. In this case, 
there may be no need to transmit the information 
regarding the communication attribute. 

Next, consider a case of entering "destination IP 
address + a unique ID determined by the transmitting 

so terminal" as the flow ID. Here, this "unique ID deter- 
mined by the transmitting terminal" is a unique ID that is 
determined and used by the transmitting terminal by 
attaching some meaning. Similarly as in the previous 
case, it is also possible to consider a method in which 

55 both sides of the transmitting and receiving terminals 
acknowledge in advance a rule like "when a value in a 
certain range is used as a value of the unique ID, spe- 
cific raw data will be entered into the directly connected 
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datalink layer connections". 

The flow ID will be flowing from each source when 
the information outputted from two or more sources 
(which may not be outputted simultaneously) are 
merged at some FANP node and outputted at the iden- 
tical datalink layer connection from that FANP node. 

It is also possible to consider a method in which an 
identical flow ID can be attached to the information 
(flow) to be entered into that datalink, and used as an 
identifier by means of which the information from differ- 
ent sources can be collected into one datalink layer con- 
nection. 

This case will be described in detail with reference 
to Fig. 31, which shows the network that has basically 
the similar configuration as that of Fig. 1 (and therefore 
the descriptions of the constituent elements will be omit- 
ted here), but it differs from the network of Fig. 1 in that 
a plurality of video servers (two video servers 3121 and 
3122 in Fig. 31 , for example) are provided. 

The video data delivery from these video servers is 
also controlled by the program guide delivery server 
(guide server) 3102. At this point, the guide server 3102 
notifies some specific number to either one of the video 
servers 3121 and 3122 for carrying out the delivery, as 
a control of the video data delivery with respect to the 
same video terminal 3106 at the same connection time, 
in a sense of "use this number as the flow ID (or its 
part)". Here, the video data delivery from different video 
servers at the same connection time occurs in such a 
case where a user of the video terminal 3106 changes 
the video channel number (program) to be watched, or 
a case in which the different video servers provide dif- 
ferent programs respectively. 

In such a case^ when the pi uraj video servers throw 
TheTidentical flow ID (or its part), it becomes possible for 
the FANP node (the cell switch router 3103 in this case) 
to ascertain that both of these flows are to be forwarded 
to the identical datalink connection 3109. Consequently, 
even in a case where the channel switching by the user 
(that is, the changing of the video server) occurs, there 
is no need to establish a new datalink layer connection 
at the downstream side of that FANP node (the cell 
switch router 3103 in this case), and it becomes possi- 
ble to transmit the respective data to appropriate data- 
link layer connections. 

Note that, in this case, when the redirect message 
comes from the downstream side, there is a need to 
transmit it to a plurality of upstream side FANP nodes 
(the video servers 3121 and 3122 in this case) which 
are related by the FANP. 

Also, it is necessary for a switch that connect the 
datalink layers together (The ATM switch within the cell 
switch router 3103 in this case) to have a connection 
form of multiple-to-one (that is, a form by which data 
from different input datalink connections are to be col- 
lectively outputted to one output datalink connection). It 
is also possible to presuppose that data will not be 
transmitted from a plurality of transmitting terminal 



simultaneously. 

In addition, a portion described as the 1394 bus in 
the above description may be replaced by 1394 net- 
works inter-connected by 1394 gateways or 1394 
5 bridges. 

Moreover, the router has been described above a 
something which is provided at the CATV head-end out- 
side the home, but of course it is also possible to place 
it inside the home. 

w In this embodiment, the description has been given 
for an exemplary case in which the reservation of the 
bandwidth from the video server 101 to the video termi- 
nal 106 is made by using the extended FANP. In con- 
trast, it is also possible to carry out the bandwidth 

15 reservation control in the existing router (the cell switch 
router 103 in this embodiment) by using the signaling 
protocol in the network layer such as the RSVP 
(Resource Reservation Protocol) or ST2 (Stream Trans- 
port Protocol-2), and carry out the bandwidth reserva- 

20 tion control by using the extended FANP of the present 
invention within the IP subnet, that is, between the cell 
switch router 103 to the video terminal 106. The 
sequence in this case is shown in Fig. 32. 

Fig. 32 shows an exemplary case in which the 

25 RSVP is used as the signaling protocol in the network 
layer. Note that, in Fig. 32, the detailed message 
exchanges such as those for the propose message and 
the pending message are omitted for simplicity. 

For the bandwidth reservation control among the 

30 transmitting terminal (video server 101), the router (cell 
switch router 103) and the video terminal 106, the sign- 
aling protocol such as RSVP or ST2 is used, and the 
bandwidth reservation control within the subnet among 

thernjs_c.arri.ed outby using. the.extended FANP-of -the — 

35 present invention. Namely, the extended FANP of the 
present invention is used for the purpose of the datalink 
connection control between the RSVP nodes. By 
means of this, the existing router becomes the de facto 
standard between the internet routers, and the widely 

40 used bandwidth reservation protocol between the termi- 
nal and the router or between one router and another 
such as ST2 or RSVP can be used, so that it becomes 
possible to realize the bandwidth reservation within the 
subnet that has not been used conventionally, in partic- 

45 ular the bandwidth control in the subnet under the heter- 
ogeneous environment in which the virtual connection 
type networks are mixedly present, by using the 
extended FANP of the present invention. 



Next, with references to Fig. 33 to Fig. 44, the sec- 
ond embodiment of the present invention will be 
described in detail. 
55 This second embodiment is directed to a communi- 
cation network system formed by two or more 1394 
buses, nodes called half gateways which are connected 
to respective buses, and a various type of network for 
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connecting these naff gateways. 

Fig. 33 shows an exemplary overall configuration of 
a communication network system (a home network sys- 
tem for connecting various electric devices inside the 
home, for example) according to this second embodi- s 
ment As shown in Fig. 33, this communication network 
system comprises a transmitting terminal 4001, a first 
half gateway 4002, a second half gateway 4003. a 
receiving terminal 4004. a first 1394 bus 401 1 , an Ether- 
net cable 4012, and a second 1394 bus 4013. w 

Here, it is assumed that the entire system consti- 
tutes a home network within the same home, similarly 
as in the first embodiment. Consequently, among the 
devices contained in this system, those which are the IP 
nodes are assumed to be belonging to the same IP sub- is 
net. Here, this IP subnet is assumed to have an IP sub- 
net address N. and the IP addresses of the nodes are 
assumed to be N. 1 for the transmitting terminal 4001. 
N. 2 for the first half gateway 4002, N. 3 for the second 
half gateway 4003, and N. 4 for the receiving terminal 20 
4004. 

Also, the 1394 addresses and the Ethernet 
addresses of these nodes are as shown in Fig. 33. 

Each of the transmitting terminal 4001 , the first half 
gateway 4002, the second half gateway 4003 and the 25 
receiving terminal 4004 of this embodiment is the FANP 
node as described in the first embodiment which has 
the extended FANP function of the present invention. 

The transmitting terminal 4001 is also the IP termi- 
nal as well, and has functions for exchanging IP packets 30 
with the receiving terminal 4004 and delivering video 
with respect to the receiving terminal 4004. 

The video delivery may be carried out by mounting 

Jh^yj^qjnfpnTOltorLon.the. IP packets, or-by- transmit 

ting the video data directly into the specified 1394 iso- 35 
chronous channel. Further details in this regard will be 
described below. 

The first half gateway 4002 and the second half 
gateway 4003 are devices for connecting the 1394 
buses together. Namely, they are devices to be used in 40 
connecting the first 1394 bus 401 1 and the second 1394 
bus 4013. Such a situation may arise when the first 
1394 bus 4011 and the second 1394 bus 4013 are far 
apart from each other so that it is difficult to unify them 
into a single 1394 bus, for example. 45 

Namely, according to the specification of the 1 394, 
it is not preferable for the 1394 buses to use a long 
cable. In such a case, the half gateways of the present 
invention can be connected to the respective 1394 
buses and these half gateways can be connected so 
together by a dedicated cable, so as to realize the con- 
nection between the 1 394 buses. Further details in this 
regard will be described below. 

The receiving terminal 4004 is also the IP terminal 
as well, and has functions for exchanging IP packets 55 
with the transmitting terminal 4001 , and receiving video 
delivered from the transmitting terminal 4001 . 

The first half gateway 4002 and the second half 



gateway 4003 are connected by the Ethernet cable 
4012. Namely, in this embodiment, the data exchanges 
between two half gateways are to be carried out in 
terms of the Ethernet frames. 

Fig. 34 shows an exemplary internal configuration 
of the half gateway 4002 or 4003. 

As shown in Fig. 34, this half gateway comprises a 
1394 physical processing unit 4101, a 1394 link 
processing unit 4102. a 1394 control unit 4103, a first 
MUX/DEMUX 4104, an IP/FANP processing unit 4105, 
a 1394/Ethernet transfer unit 4106, a second 
MUX/DEMUX 4107, and an Ethernet interface unit 
4108. 

The 1394 physical processing unit 4101, the 1394 
link processing unit 4102, and the 1394 control unit 
4103 carry out the physical layer processing, the link 
layer processing, and the bus management and the 
transaction layer processing, respectively, for the con- 
nected 1394 bus (4011 or 4013), as well as the 
exchanges of data (PDU from a viewpoint of 1 394) with 
the IP/FANP processing unit 4105 or the 1394/Ethernet 
transfer unit 4106, using the 1394 frames to be transmit- 
ted or received that are passing through the first 
MUX/DEMUX 4104 and the second MUX/DEMUX 
4107. 

The IP/FANP processing unit 4105 has functions for 
carrying out the routing based on the IP address, the 
routing table management, the FANP processing! the 
ARP processing, etc., for the received IP packets. FANP 
packets, ARP packets, etc. 

The 1394/Ethernet transfer unit 4106 has a function 
for attaching a specific Ethernet header to data received 
from the 1394 side, especially data received through the 
isochronous-channel: by using its 1soch7on"CHJS _ chanrier 
number or the specific register offset on the destination 
address as a key, and transmitting it to the Ethernet 
side, and a function for transmitting data received from 
the Ethernet side to a specific isochronous channel or 
the specific address offset on the 1394 side by using its 
header information as a key. Namely, the data forward- 
ing at this processing unit is carried out by using only 
the datalink layer processing without using the IP layer 
processing. 

For example, a table of correspondence between 
the MAC address value and the channel number of the 
isochronous channel of the 1394 bus is produced in a 
form of a correspondence table as shown in Fig. 35 (in 
a case of transmitting data received from the 1394 side 
to the Ethernet side) or Fig. 36 (in a case of transmitting 
data received from the Ethernet side to the 1394 side), 
for example. Here, the mapping for each correspond- 
ence table is made by the IP/FANP processing unit 
4105. A similar correspondence table can be configured 
between the MAC address value and the 1394 destina- 
tion address with a specific register offset value. 

The Ethernet interface unit 4108 is an interface with 
respect to the physically connected Ethernet, and car- 
ries out the encapsulation and decapsulation of data to 
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be exchanged with the second MUX/DEMUX 4107 and 
the Ethernet frames- 
Next, for an exemplary case of transmitting video 
from the transmitting terminal 4001 to the receiving ter- 
minal 4004, the operation sequence in time order will be 
described with references to Fig. 37 and Fig. 38. 

Fig. 37 shows a sequence for the ARP (Address 
Resolution Protocol). 

First, the transmitting terminal 4001 transmits the 
ARP request packet to the first 1394 bus 401 1 in order 
to carry out the address resolution for ascertaining the 
datalink layer address of the receiving terminal 4004 
from its IP address (step S4201). As described in the 
first embodiment, this ARP request is broadcasted on 
the local bus (that is, the first 1394 bus 401 1). 

The first half gateway 4002 which is the FANP node 
that received this ARP request forwards this ARP 
request to the Ethernet cable 4012, upon confirming 
that the requested address is not the own address and 
that another port (that is, the Ethernet cable 4012) dif- 
ferent from the port through which this ARP is entered 
(that is, the first 1394 bus 4011) is connected (step 
S4202). Here, the destination Ethernet address is the 
Ethernet broadcast address. 

The second half gateway 4003 that received this 
ARP request also forwards this ARP request to the sec- 
ond 1394 bus 4013 through a procedure in which the 
procedure of the first half gateway 4002 is reversed 
(step S4203). At this point, this ARP request may be 
transmitted in a form of the broadcast to the "local bus". 

The receiving terminal 4004 that received this ARP 
request enters the own 1394 address (EUI64 and "bus 
ID + physical ID") into this packet and returns this 
packet to the second 1394 bus 4013 as the ARP 
response (step S4204). At this point, the destination 
address of this ARP response is the 1394 address of 
the second half gateway 4003. 

The second half gateway 4003 which received this 
ARP response enters the own Ethernet address into a 
field for the resolved address, so as to carry out the dep- 
uty response with respect to the first half gateway 4002 
(step S4205). At this point, the destination is the Ether- 
net address of the first half gateway 4002. Also, the sec- 
ond half gateway 4003 recognizes that a terminal 
having the IP address of the receiving terminal 4004 
exists on the second 1394 bus 4013 side, and registers 
this fact into the internal routing table. 

The first half gateway 4002 that received this ARP 
response enters the own 1394 address into a field for 
the resolved address, and carries out the deputy 
response with respect to the transmitting terminal 4001 
(step S4206). At this point, the destination is the 1394 
address of the transmitting terminal 4001 . Also, the first 
half gateway 4002 recognizes that a terminal having the 
IP address of the receiving terminal 4004 exists on the 
Ethernet 4012 side, and registers this fact into the inter- 
nal routing table. 

In this manner, the transmitting terminal 4001 can 



ascertain that it suffices to tritnsmit the IP packets des- 
tined to the receiving terminal 4004 with respect to (the 
1394 address of) the first half gateway 4002. 

Note that Fig. 37 shows a case of the address res- 

5 olution in which the ARP request reaches to the target 
node once and then the ARP response is sequentially 
returned backwards from there, but it is not necessarily 
limited to this case, and it is also possible to use a case 
of the address resolution in which the intermediate node 

10 directly carries out the address resolution when the 
intermediate node already has an information on the 
target node. 

Now, the transmitting terminal 4001 already recog- 
nizes that it is the FANP node itself and that what is to 

is be transmitted from now on with respect to the receiving 
terminal 4004 is the video. Consequently, the transmit- 
ting terminal 4001 intends that the video to be transmit- 
ted from now on will be forwarded by the datalink 
processing alone without using the IP processing at the 

20 intermediate FANP nodes. 

To this end. after the confirmation of the initial set- 
ting and the coding scheme using the IP packets and 
the confirmation of the video reception capability with 
respect to the receiving terminal 4004, the transmitting 

25 terminal 4001 proceeds to the video transmission prep- 
aration. Fig. 38 shows the sequence for this operation. 

First, the transmitting terminal 4001 accesses the 
register of the isochronous resource manager on the 
first 1394 bus 401 1 to reserve the bandwidth necessary 

30 for the video transmission and acquire the isochronous 
channel number, between the transmitting terminal 
4001 and the first half gateway 4002 (step S4401). Fig. 
39 shows the isochronous channel 4301 obtained at 
this point. 

35 Then, the transmitting terminal 4001 transmits the 
propose message of the FANP with respect to the first 
half gateway 4002 through that isochronous channel 
4301 . This propose message is transmitted by entering 
the own ESI and sequence number as the VCID and the 
. 40 IP address (N. 4) of the receiving terminal 4004 as the 
target IP address (step S4402) : 

The first half gateway 400& that received this pro- 
pose message recognizes that it is the FANP packet 
(propose message), confirms the final destination IP 

45 address (the receiving terminal 4004) from the target IP 
address, and confirms that this address exists on the 
Ethernet cable 4012 side by referring to the internal 
routing table. Then, the first half gateway 4002 enters 
the own IP address into the propose ACK message and 

so returns it to the asynchronous channel or asynchronous 
write of the first 1394 bus 4011 (step 4403). 

The transmitting terminal 4001 that received this 
propose ACK message transmits the offer message to 
the asynchronous channel or asynchronous write of the 

55 first 1394 bus 4011, by entering the IP address of the 
first half gateway 4002 as the destination IP address, 
entering the VCID described above, entering the IP 
address of the receiving terminal 4004 which is the final 
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destination into the flow ID similarly as in the first 
embodiment, and containing the necessary bandwidth 
value and the end-to-end ACK request (step S4404). At 
this point, the destination 1394 address is obviously the 
1 394 address of the first half gateway 4002. 5 

The first half gateway 4002 that received this offer 
message recognizes that it is the FANP packet, con- 
firms the final destination IP address (the receiving ter- 
minal 4004) from the flow ID, and re-confirms that this 
address exists on the Ethernet cable 4012 side. w 

Here, in order to make it possible for the second 
half gateway 4003 to transmit the data to be transmitted 
directly to the isochronous channel or the destination 
address with the specific register offset value on the 
1394 bus 4013 by only confirming the Ethernet header 15 
value, a value different from the Ethernet address "A2" 
unique to the second half gateway 4003 is used as the 
destination address of the Ethernet frame to be trans- 
mitted. This value can be any value as long as it is dif- 
ferent from values of the Ethernet addresses of the first 20 
half gateway 4002 and the second half gateway 4003, 
that is, the address not used on the Ethernet cable, and 
it is different from values currently used for the direct for- 
warding at the datalink layer for the other flows. 

For example, when the Ethernet address value 25 
selected by the first half gateway 4002 here is W #A M , only 
the video information directed to the receiving terminal 
4004 will be mounted on every subsequent Ethernet 
frame which has "#A" as the destination Ethernet 
address. This is equivalent to having the virtual connec- 30 
tion with "#A" as VCI established between the first half 
gateway 4002 and the second half gateway 4003. This 
is shown in Fig. 39 as the connection 4302. 

Note that the half gateways 4002 and 4003 have 
the initial setting by which a frame destined to any 35 
Ethernet address will be handed to the IP/FAN P 
processing unit 4105 once along with its destination 
Ethernet address value, except when it is a frame which 
passes through the 1394/Ethernet transfer unit 4106. 
By this setting, it becomes possible for the IP/FANP 40 
processing unit 4105 to make the setting according to 
the content of the FANP packet by which the switching 
at the datalink layer is carried out by making appropriate 
setting to the 1394/Ethernet transfer unit 4106, for the 
necessary Ethernet address. 45 

The first half gateway 4002 transmits the propose 
message of the FANP through the connection 4302 of 
Fig. 39 (step S4406). This propose message is trans- 
mitted by entering the own ESI and sequence number 
as the VCID and the IP address (N. 4) of the receiving so 
terminal 4004 as the target IP address. 

The second half gateway 4003 that received this 
propose message recognizes that it is the FANP packet 
(propose message), confirms the final destination IP 
address (the receiving terminal 4004) from the target IP 55 
address, and confirms that this address exists on the 
second 1394 bus 4013 side by referring to the internal 
routing table. Then, the second half gateway 4003 



returns the propose ACK message to the Ethernet cable 
4012, by entering the own IP address as the target IP 
address and the Ethernet address of the first half gate- 
way 4002 as the destination address (step S4407). 

As can be seen from this description, a case of 
transmission using the usual Ethernet address as the 
destination header of the Ethernet frame corresponds 
to a case of transmission by the "default VC" in the 
FANP. 

The first half gateway 4002 that received this pro- 
pose ACK message transmits the offer message onto 
the Ethernet cable 4012, by entering the IP address of 
the second half gateway 4003 as the destination IP 
address, entering the VCID described above, entering 
the IP address of the receiving terminal 4004 which is 
the final destination into the flow ID, and containing the 
necessary bandwidth value and the end-to-end ACK 
request (step S4408). At this point, the destination 
Ethernet address is the Ethernet address of the second 
half gateway 4003. 

The second half gateway 4003 that received this 
offer message recognizes that it is the FANP packet, 
confirms the final destination IP address (the receiving 
terminal 4004) from the flow ID. and re-confirms that 
this address exists on the second 1394 bus 4013 side. 

Then, the second half gateway 4003 reserves the 
bandwidth and the isochronous channel number or the 
destination address with the specific register offset by 
the setting in the register of the isochronous resource 
manager of the second 1 394 bus, in order to transmit 
the video signals by reserving the necessary bandwidth 
up to the receiving terminal 4004 (step S4410). Fig. 39 
shows the isochronous channel 4303 obtained at this 
point. 

Then, the second half gateway 4003 transmits the 
propose message of the FANP through this isochronous 
channel 4303 (step S441 1). 

The receiving terminal 4004 that received this pro- 
pose message transmits the propose ACK message to 
the second half gateway 4003 if it is acceptable (step 
S4412). 

Then, the second half gateway 4003 transmits the 
offer message of the FANP to the receiving terminal 
4004 (step S4413). 

When the reception is possible, the receiving termi- 
nal 4004 transmits the re-direct message to the 
upstream FANP node (the second half gateway 4003 in 
this case) by setting the end-to-end ACK flag ON (step 
S4414). This setting of the end-to-end ACk flag is the 
processing related to the fact that the end-to-end ACK 
request is contained in the offer message of the FANP 
transmitted to the receiving terminal 4004 and that this 
terminal is the final terminal. 

The second half gateway 4003 that received this re- 
direct message judges that the preparation for the iso- 
chronous channel use on the downstream side (the 
receiving terminal 4004 in this case) is ready, and 
makes the setting by which the direct datalink layer for- 
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warding can be carried out for the SDU (Service Data 
Unit) of the frame that arrives with the Ethernet address 
#A (4302) without using the processing by the IP/FANP 
processing unit 4105 at the 1394/Ethernet transfer unit 
4106 inside the second half gateway 4003. By this set- 5 
ting, for a frame that arrives with the specific Ethernet 
address "#A*\ its SDU can be transmitted to the iso- 
chronous channel 4303 directly by referring to the corre- 
spondence table as shown in Fig. 36, so that the 
efficiency and the speed of the data forwarding process- w 
ing can be improved considerably. 

Also, the above described processing does not use 
the processing at the IP/FANP processing unit 4105 so 
that the reduction of the load on the IP/FANP process- 
ing unit 4105 and the load distribution can be realized is 
simultaneously. In addition, it is also possible to transmit 
data which isjiot an IP packet. 

The second half gateway 4003 transmits the re- 
direct message to the upstream FANP node (the first 
half gateway 4002 in this case) (step S4415). At this 20 
point, the end-to-end ACK flag is erected in the re-direct 
message from the downstream side so that the end-to- 
end ACK flag is set ON. 

In this manner, the re-direct message is delivered to 
the transmitting terminal 4001 through the second half 25 
gateway 4003 and the first half gateway 4002. 

At the first half gateway 4002, the isochronous 
channel 4301 and the direct conversion into the Ether- 
net frame 4302 with the Ethernet address "#A" are set 
to the 1394/Ethernet transfer unit 4106. Also, at a time 30 
of forwarding the re-direct message, the re-direct mes- 
sage is delivered by using the asynchronous channel or 
asynchronous write of each 1394 bus or the formal 
Ethernet address "Ar on the Ethernet. 

When the re-direct message with the end-to-end 35 
ACK flag erected is received at the transmitting terminal 
4001 in this manner (step S4416), the transmitting ter- 
minal 4001 can confirm that the isochronous channel 
4301 was directly connected at the datalink layer level 
up to the receiving terminal 4004. Then, the transmitting 40 
terminal 4001 starts the video data transmission 
through the isochronous channel 4301 (step S4417). 

The video data can be transmitted through the con- 
nection 4302 and the isochronous channel 4303 to the 
receiving terminal 4004 by the datalink layer processing 45 
alone, without using the processing by the IP/FANP 
processing unit 4105 at the intermediate nodes of the 
half gateways 4002 and 4003 

Note that the video information to be transmitted 
here may be the video data encapsulated within the IP so 
packet similarly as in the first embodiment, or the video 
data directly mounted on the 1394 isochronous channel 
(or the Ethernet frame 4302 with the destination Ether- 
net address "#A"). Also, the video information may be 
transmitted in a form of the 1 394 frame directly mounted ss 
on the Ethernet frame. 

When the maintaining of the connection is realized 
by maintaining the soft state similarly as in the first 



embodiment, the above described re-direct message is 
regularly transmitted to the upstream direction. When 
this redirect message does not arrive for a certain 
period of time or when an explicit message for discon- 
necting the connection (the release message) comes 
from the upstream direction, this soft state is released 
and the setting of the 1394/Ethernet transfer unit 4106 
regarding that direct datalink layer connection is also 
cleared. 

As described, by using a plurality of half gateways 
(4002, 4003) and the Ethernet cable (4012) that con- 
nects them, it becomes possible to carry out the com- 
munication by inter-connecting a plurality of 1394 buses 
by the half gateways. 

Fig. 40 shows an exemplary style of using the half 
gateways and the Ethernet cable. As shown in Fig. 40, 
a 1394 inter-connection cable has a physical shape in 
which a long Ethernet cable 4503 is connected between 
two half gateways 4002 and 4003 in advance. This 
cable portion may be connected by an electric cable 
such as UTP5 or coaxial cable, or by an optical cable 
such as a plastic optical fiber. It should be noted how- 
ever that the transmission scheme of the physical layer 
is supposed to obey the Ethernet standard. 

Also, to the respective half gateways, the 1394 con- 
nectors 4501 and 4502 are connected through relatively 
short cables (dedicated 1394 cables). Here, the dedi- 
cated 1394 cables are connected so that the power sup- 
ply to the half gateways 4002 and 4003 can be made 
through the respective 1394 connectors 4501 and 4502 
and this 1394 cable. Consequently, the system of Fig, 
40 requires no special power supply. From a viewpoint 
of a user who wishes to inter-connect two 1394 buses, 
this implies that the connection is basically completed 
by simply connecting one end (4501) of the cable to the 
first 1394 bus 4011 and the other end (4502) of the 
cable to the second 1394 bus 4013, so that the conven- 
ience regarding the connecting operation can be 
improved remarkably. 

Also, the 1394 cable basically has an upper limit of 
4.5 m in length, but according to the present invention, 
a long cable (such as that of several hundred meters, for 
example) can be used as a cable for connecting the half 
gateways 4002 and 4003, so that it is very useful in a 
case of connecting the 1394 buses which are far apart 
from each other. 

In the above, an example using a long cable has 
been described, but as shown in Fig. 41 , it is also possi- 
ble to connect the half gateways 4002 and 4003 by 
radio. In Fig. 41, 4801 and 4802 are 1394 connectors 
while 4803 and 4804 are radio transceiver devices used 
for the inter-connection by radio. 

In a case of using the MAC frame as the radio trans- 
mission scheme, the scheme of this second embodi- 
ment is basically applicable directly. When the radio 
interface is provided between the half gateways in this 
manner, this connection becomes wireless so that a 
user can arrange the wiring easily. 
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Note that the 1394 interconnection cable is not 
only applicable to a case of forming the connection 
between the 1394 half gateways as described above 
and shown in Fig. 40 and Fig. 41, but also to a case of 
realizing the usual 1394 bridge in the half bridge corrfig- 5 
uration. In that case, the function of the 1 394 bridge can 
be realized by changing those portions of the above 
description which are described as "specifying the des- 
tination IP address" to the processing of the 1394 
address. w 

Note also that, as shown in Fig. 42, at the transmit- 
ting terminal, the MPEG video from the digital satellite 
broadcast (or the digital CATV) can be received and this 
MPEG video can be re-formatted into the MPEG-over- 
1 394 format or converted into the raw video data by the is 
MPEG decoder and then transmitted as the data on the 
isochronous channel of the 1394. 

When this implementation is used, even for the 
video data (or speech data, usual data, etc.) which is 
not accommodated originally by the transfer packets 20 
used at the home such as those of the network layer like 
the IP packets, the datalink layer frames like those of the 
IEEE 1394, etc., the data transfer in the home network 
becomes possible so that it becomes possible to realize 
the data distribution to the home network without requir- 25 
ing the cable wiring change for the purpose of the video 
broadcasting. 

Fig. 43 shows an exemplary internal configuration 
of the transmitting terminal 4901 for realizing this imple- 
mentation. In Fig. 43, the transmitting terminal 4901 30 
comprises a satellite broadcast receiving interface unit 
9001. an MPEG data format conversion unit 9002, an 
IP/FANP processing unit. 9003, a MUX/DEMUX 9004, 
and a 1 394 interface unit 9005. 

The satellite broadcast receiving interface unit 9001 35 
is an interface for receiving data from the satellite broad- 
cast, which transmits the data after the data formatting 
to the MPEG data format conversion unit 9002. 

The MPEG data format conversion unit 9002 con- 
verts the transmitted MPEG data from the MPEG data 40 
format suitable for the satellite broadcast to the MPEG 
data format on the IEEE 1394, i.e., the MPEG-over- 
1394, and transmits it to the MUX/DEMUX 9004. Here, 
the de-scrambling processing, etc. may also be carried 
out in addition. as 

The IP/FANP processing unit 9003 and the 1394 
interface processing unit 9005 have the similar func- 
tions as those described above so that their description 
will be omitted here. 

At the MPEG data format conversion unit 9002, the so 
appropriate format conversion is applied to the transmit- 
ted MPEG data so that the MPEG data from the satellite 
broadcast can be transmitted to the video terminal 
through the 1394. 

Fig. 44 shows an exemplary internal configuration ss 
of the transmitting terminal 4901 in a case of decoding 
the MPEG data received from the satellite broadcast at 
the transmitting terminal 4901, and forwarding the raw 
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video data to the video terminal through the 1394 bus. 

Fig. 44 differs from Fig. 43 in that the MPEG decod- 
ing is carried out at the MPEG decoding unit 9102 so 
that the raw video data is transmitted to the 1394 bus. 

When the MPEG decoding unit 9102 or the MPEG 
data format conversion unit 9002 is equipped with a 
function for processing several channels simultane- 
ously, it becomes possible to realize the distribution of 
the video information in several channels simultane- 
ously to the home network, so that it is very useful in a 
case where it is desirable to watch a plurality of video 
programs as in a case where a plurality of family mem- 
bers watch the television simultaneously. 

Note here that the MPEG decoding unit 9102 and 
the MPEG data format conversion unit 9002 may or may 
not carry out the encapsulation of the video data within 
the IP packet. 

It is to be noted that the "transmitting terminal" in 
the above description can be provided in a form of what 
is generally known as "set-top box". 

It is also to be noted that this second embodiment 
has been described for an exemplary case of using the 
IEEE 1394 bus, but this second embodiment is also 
applicable to the other datalink layer technology such as 
the ATM, for example. In such a case, it suffices to use 
the VPI/VCI value instead of the channel number. 

<Third Embodiment > 

Next, with references to Fig. 45 to Fig. 50, the third;, 
embodiment of the present invention will be described 
in detail. 

This third embodiment is directed to a communica- 
tion network system formed by two or more 1394 buses, 
that is a communication network system formed by 
nodes called half gateways which are connected to the 
respective 1394 buses, and a network for connecting 
these half gateways. Here, an exemplary case of using 
the Ethernet as a network for connecting the half gate- 
ways, and providing an Ethernet switch having a plural- 
ity of FANP functions between the half gateways will be 
described. 

Fig. 45 shows an exemplary overall configuration of 
a communication network system (a home network sys- 
tem for connecting various electric devices inside the 
home, for example) according to this third embodiment. 
As shown in Fig. 45. this communication network sys- 
tem comprises a transmitting terminal 5001, a first half 
gateway 5002, a FANP Ethernet switch 5003. a second 
half gateway 5004, a receiving terminal 5005, a first 
1394 bus 5011, a first Ethernet cable 5012, a second 
Ethernet cable 5013, and a second 1394 bus 5014. 

Here, it is assumed that the entire system consti- 
tutes a home network within the same home, similarly 
as in the first embodiment. Consequently, among the 
devices contained in this system, those which are the IP 
nodes are assumed to be belonging to the same IP sub- 
net. Here, this IP subnet is assumed to have an IP sub- 
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net address N, and the IP addresses of the nodes are 
assumed to be N. 1 for the transmitting terminal 5001. 
N. 2 for the first half gateway 5002, N. 3 for the FANP 
Ethernet switch 5003. N. 4 for the second half gateway 
5004, and N. 5 for the receiving terminal 5005. 5 

Also, the 1394 addresses and the Ethernet 
addresses of these nodes are as shown in Fig. 45. 

Each of the transmitting terminal 5001 , the first half 
gateway 5002. the FANP Ethernet switch 5003, the sec- 
ond half gateway 5004 and the receiving terminal 5005 10 
of this embodiment is the FANP node as described in 
the first embodiment which has the extended FANP 
function of the present invention. 

Here, the transmitting terminal 5001, the first half 
gateway 5002. the second half gateway 5004 and the is 
receiving terminal 5005 have the same functions as the 
corresponding elements in the second embodiment 
described above so that their detailed description will be 
omitted here. 

In this embodiment, the first half gateway 5002 and 20 
the second half gateway 5004 are connected by the 
Ethernet cables 5012 and 5013. Namely, in this embod- 
iment, the data exchanges between two half gateways 
are to be carried out in terms of the Ethernet frames. 

The FANP Ethernet switch 5003 is an Ethernet 25 
switch having the FANP functions, and as will be 
described below, it has a function for taking the entered 
FANP packet into the internal IP/FANP processing unit 
(which is realized by looking at the protocol type of the 
Ethernet frame), and a function for rewriting the Ether- 30 
net address of a frame before and after the input/output 
of the frame, as set up in the internal table in advance, 
and outputting this frame. The latter function is provided 
for carrying out the similar operation as the rewriting of 
the VPI/VCI at the ATM switch node before and after the 35 
input/output of an ATM cell. 

In this embodiment, the FANP Ethernet switch 5003 
(or the internal switch) is in a two-port physical configu- 
ration, but it is also possible to construct a multi-port 
FANP Ethernet switch by the similar construction '40 
method and mechanism. 

Fig. 46 shows an exemplary internal configuration 
of the FANP Ethernet switch 5003. As shown in Fig. 46. 
the FANP Ethernet switch 5003 comprises a first Ether- 
net interface unit 5101. a first MUX/DEMUX 5102. an 45 
IP/FANP processing unit 5103. an Ethernet frame 
switching and Ethernet header rewriting unit 5104, a 
second MUX/DEMUX 5105, and a second Ethernet 
interface unit 5106. 

The Ethernet interface units 5101 and 5106 are 50 
interfaces with respect to the physically connected Eth- 
ernets, and carries out the encapsulation and decapsu- 
lation of data to be exchanged with the MUX/DEMUXs 
5102 and 5105 and the Ethernet frames. 

The IP/FANP processing unit 5103 has functions for 55 
carrying out the routing based on the IP address, the 
routing table management, the FANP processing, the 
ARP processing, etc., for the received IP packets, FANP 



packets, ARP packets, etc., as well as a function for 
making appropriate setting to the Ethernet frame 
switching and Ethernet header rewriting unit 5104. 

The Ethernet frame switching and Ethernet header 
rewriting unit 51 04 has a function for switching an Ether- 
net frame received from either interface to an appropri- 
ate output port by referring to its destination Ethernet 
address, and a function for rewriting at least a part of the 
Ethernet address at a time of the above switching 
according to the setting from the IP/FANP processing 
unit 5103. To this end, the Ethernet frame switching and 
Ethernet header rewriting unit 5104 may have a header 
conversion table provided therein similarly as in the 
ATM switch. The Ethernet frame switching and Ethernet 
header rewriting unit 5104 also has a function for learn- 
ing the Ethernet address, which functions to refer to a 
source address of an entered Ethernet frame and store 
it along with an input port for a certain period of time. 

Note that the Ethernet frame that passes through 
this Ethernet frame switching and Ethernet header 
rewriting unit 5104 can pass without being applied with 
the processing by the IP/FANP processing unit 5103. 

Next, for an exemplary case of transmitting video 
from the transmitting terminal 5001 to the receiving ter- 
minal 5005, the operation sequence in time order will be 
described with references to Fig. 47 and Fig. 48. 

Ftg. 47 shows a sequence for the ARP (Address 
Resolution Protocol). 

First, the transmitting terminal 5001 transmits the 
ARP request packet to the first 1394 bus 501 1 in order 
to carry out the address resolution for ascertaining the 
datalink layer address of the receiving terminal 5005 
from its IP address (step S5401). As described in the 
second embodiment, this ARP request is broadcasted 
on the local bus (that is, the first 1394 bus 501 1). 

The first half gateway 5002 which is the FANP node 
that received this ARP request operates similarly as in 
the second embodiment. As a result, this ARP request 
is forwarded to the Ethernet cable 5012 by setting the 
Ethernet broadcast address as the destination address 
(step S5402). 

The FANP Ethernet switch 5003 also receives this 
ARP request, but as it does not have the corresponding 
IP address, the ARP response will not be sent from 
there. 

Also, this ARP request is forwarded to the second 
Ethernet cable 5013 through the Ethernet frame switch- 
ing and Ethernet header rewriting unit 5104. Note that, 
in this case (a case where the destination address is the 
broadcast address), the rewriting of the Ethernet 
address is not carried out so that the ARP request is for- 
warded as it is. 

The second half gateway 5004 and the receiving 
terminal 5005 that received this ARP request also oper- 
ate similarly as in the second embodiment (step 
S5403). Namely, the receiving terminal 5005 that 
received this ARP request enters the own 1394 address 
(EUI64 and "bus ID + physical ID") into this packet and 
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returns this packet to the second 1394 bus 5014 as the 
ARP response (step S5404), and this ARP response 
reaches to the FANP Ethernet switch 5003. At this point, 
the destination address of the Ethernet frame is the 
Ethernet address "A1 " of the first half gateway 5002. 5 

As described above, the FANP Ethernet switch 
5003 has the learning function, and holds the Ethernet 
address of the first half gateway 5002 and its physical 
port direction (that is, the first Ethernet cable 5012 side) 
as a table at a time of the ARP request, so that this ARP w 
response is switched by the Ethernet frame switching 
and Ethernet header rewriting unit 5104 and reaches to 
the first half gateway 5002 (step S5405). 

Then, as the first half gateway 5002 returns the 
ARP response (deputy response) (step S5406), this 15 
ARP response eventually reaches to the transmitting 
terminal 5001. 

In this manner, the transmitting terminal 5001 can 
ascertain that it suffices to transmit the IP packets des- 
tined to the receiving terminal 5005 with respect to (the 20 
1394 address of) the first half gateway 5002. 

Next, similarly as in the second embodiment, the 
transmitting terminal 5001 intends that the video to be 
transmitted from now on will be forwarded by the data- 
link processing alone without using the IP processing at 25 
the intermediate FANP nodes, and after the confirma- 
tion of the initial setting and the coding scheme using 
the IP packets and the confirmation of the video recep- 
tion capability with respect to the receiving terminal 
5005, the transmitting terminal 5001 proceeds to the 30 
video transmission preparation. Fig. 48 shows the 
sequence for this operation which will now be 
described. 

Among the operations of the transmitting terminal 
5001 and the first half gateway 5002, the operations for 35 
the exchanges of the messages between them (up to 
the transmission of the pending message of the FANP) 
are the same as in the second embodiment (step S5501 
to step S5505). 

The first half gateway 5002 that received the offer 40 
message from the transmitting terminal 5001 recog- 
nizes that it is the FANP packet, confirms the final desti- 
nation IP address (the receiving terminal 5005) from the 
flow ID, and confirms that this address exists on the 
Ethernet cable 5012 side. Here, in order to make it pos- 45 
sible for the next hop FANP node to carry out the direct 
datalink layer switching of the data to be transmitted by 
only confirming the Ethernet header, a value different 
from the Ethernet address unique to the second half 
gateway 5004 is used as the destination address of the so 
Ethernet frame to be transmitted. This value can be any 
value as long as it is different from values of the Ether- 
net addresses of the first half gateway 5002 and the 
second half gateway 5004. 

For example, when the Ethernet address value 55 
selected by the first half gateway 5002 here is "#A'\ only 
the video information directed to the receiving terminal 
5005 will be mounted on every subsequent Ethernet 



frame which has "#A" as the destination Ethernet 
address. This is equivalent to having the virtual connec- 
tion with "#A" as VCI established between the first half 
gateway 5002 and the next hop FANP node (more spe- 
cifically, the FANP Ethernet switch 5003). This is shown 
in Fig. 49 as the connection 5302. 

The first half gateway 5002 transmits the propose 
message of the FANP through this connection 5302 
(step S5506). At this point, a number indicating the 
FANP is to be entered into the protocol type of the 
Ethernet frame. Also, this propose message is transmit- 
ted by entering the own ESI and sequence number as 
the VCID and the IP address of the receiving terminal 
5005 as the target IP address. 

The FANP Ethernet switch 5003 that received this 
propose message recognizes that it is the FANP packet 
(propose message) by referring to the protocol type field 
of the Ethernet frame, and transfers it to the internal 
IP/FANP processing unit 5103. Then, the FANP Ether- 
net switch 5003 confirms that the destination Ethernet 
address of this Ethernet frame exists on the second half 
gateway 5004 side, and registers this in relation to the 
final destination IP address (the receiving terminal 
5005) in the internal routing table. Then, the FANP 
Ethernet switch 5003 returns the propose ACK mes- 
sage to the first Ethernet cable 5012, by entering the 
own IP address as the target IP address and the Ether- 
net address of the first half gateway 5002 as the desti- 
nation address (step S5507). 

The first half gateway 5002 that received this pro- 
pose ACK message transmits the offer message onto 
the first Ethernet cable 5012, by entering the IP address 
"N. 3" of the FANP Ethernet switch 5003 as the destina- 
tion IP address, entering the VCID described above, 
entering the IP address "N. 5" of the receiving terminal 
5005 which is the final destination into the flow ID, and 
containing the necessary bandwidth value and the end- 
to-end ACK request (step S5508). At this point, the des- 
tination Ethernet address is the Ethernet address "A2," 
of the FANP Ethernet switch 5003. In this case, a 
number indicating the FANP may also be entered into 
the protocol type of the Ethernet frame. 

The FANP Ethernet switch 5003 that received this 
offer message recognizes that it is the FANP packet, 
and transfers it to the IP/FANP processing unit 5103. 
Here, the FANP Ethernet switch 5003 also confirms the 
final destination IP address (the receiving terminal 
5005) from the flow ID, and confirms that this address 
exists on the second Ethernet cable 5013 side. Here, 
also, in order to make it possible for the next hop FANP 
node (more specifically, the second half gateway 5004) 
to carry out the direct datalink layer switching of the data 
to be transmitted by only confirming the Ethernet 
header, a value different from the Ethernet address 
unique to the second half gateway 5004 is used as the 
destination address of the Ethernet frame to be trans- 
mitted. 

For example, when the Ethernet address value 
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selected by the FANP Ethernet switch 5003 is * , #B". it is 
equivalent to having the virtual connection with * , #B" as . 
VCI established between the FANP Ethernet switch 
5003 and the second half gateway 5004 which is the 
next hop FANP node. This is shown in Fig. 49 as the 5 
connection 5303. 

The FANP Ethernet switch 5003 transmits the pro- 
pose message of the FANP through this connection 
5303 (step S5510). Thereafter, the procedure is the 
same as in the second embodiment. w 

The FANP Ethernet switch 5003 that received the 
re-direct message from the downstream side (step 

5551 9) judges that the preparation for the dedicated vir- 
tual channel use on the downstream side (the second 
half gateway 5004 in this case) is ready, and makes the 15 
setting by which the direct datalink layer forwarding 
(Ethernet switching) can be carried out for the Ethernet 
frame that arrives with the Ethernet address #A from the 
first Ethernet cable 501 2 side without using the process- 
ing by the IP/FANP processing unit 5103 at the Ethernet 20 
frame switching and Ethernet header rewriting unit 5104 
inside the FANP Ethernet switch 5003. At this point, the 
setting is also made in the internal Ethernet header con- 
version table so that the destination Ethernet address 

will be converted from "#A" to "#B" and this Ethernet 25 
frame will be switched to an appropriate output port (the 
second Ethernet cable 5013 in this embodiment). 

By this setting, a frame that subsequently arrives 
with the specific Ethernet address "#A" from the first 
Ethernet cable 5012 can be transmitted to the second 30 
Ethernet cable 5013 by the direct Ethernet switching 
upon converting the destination Ethernet address to 
"#B" and after the Ethernet header conversion is carried 
out, so that the efficiency and the speed of the data for- 
warding processing can be improved considerably. 35 

Also, the above described processing does not use 
the processing at the IP/FANP processing unit 5103 so 
that the reduction of the load on the IP/FANP process- 
ing unit 5103 and the load distribution can be realized 
simultaneously. 40 

In addition, it becomes possible to introduce a con- 
cept similar to the virtual connection into the Ethernets 
5012 and 5013, so as to enable the above described 
data forwarding. 

In this manner, the FANP Ethernet switch 5003 45 
transmits the redirect message to the upstream FANP 
node (the first half gateway 5002 in this case) (step 

55520) . At this point, the end-to-end ACK flag is erected 
in the re-direct message from the downstream side so 
that the end-to-end ACK flag is set ON. 50 

In the subsequent operations, the redirect mes- 
sage with the end-to-end ACK flag erected is sent to the 
transmitting terminal 5001 similarly as in the second 
embodiment (step S5521). 

The transmitting terminal 5001 can confirm that the ss 
isochronous channel 5301 was directly connected at 
the datalink layer level up to the receiving terminal 5005. 
Then, the transmitting terminal 5001 starts the video 



data transmission through the isochronous channel 
5301 (stepS5522). 

The video data can be transmitted through 5302, 
5303 and 5304 to the receiving terminal 5005 by the 
datalink layer processing alone, without using the 
processing by the IP/FANP processing unit at the inter- 
mediate nodes including the half gateways 5002 and 
5004 and the FANP Ethernet switch 5003. so that the 
guaranteed real-time video information transfer 
becomes easier. 

Note that, similarly as in the second embodiment, 
the video information to be transmitted here may be the 
video data encapsulated within the IP packet or the 
video data directly mounted on the 1394 isochronous 
channel (or the Ethernet frame with the destination 
Ethernet address given by "#A" or "#B"). Also, the 
Ethernet frame may be in a form in which the 1394 iso- 
chronous channel frame is mounted directly (or after 
appropriate processing is applied). 

Also, the re-direct message can be used for the pur- 
pose of maintaining the soft state similarly as in the sec- 
ond embodiment. 

As described, in this third embodiment, by using a 
plurality of half gateways (5002, 5004) and the Ethernet 
cables (5012, 5013) and the FANP Ethernet switch 
5003 that connect them, it also becomes possible to 
carry out the communication by inter-connecting a plu- 
rality of 1394 buses. In addition, it is also possible to 
connect three or more half gateways to the FANP Ether- 
net switch 5003, for example. 

Fig. 50 shows another exemplary style of using the 
half gateways and the Ethernet cables. A 1394 inter- 
connection cable shown in Fig. 50 has a physical shape 
in which a 1394 connector 5501 is connected to a half 
gateway 5503 by being connected through a relatively 
short dedicated 1394 cable 5502. Also, a long Ethernet 
cable 5504 is connected from the half gateway 5503 in 
advance. This cable portion may be connected by an 
electric cable such as UTP5 or coaxial cable, or by an 
optical cable such as a plastic optical fiber. It should be 
noted however that the transmission scheme of the 
physical layer is supposed to obey the Ethernet stand- 
ard. A connector 5505 at a free end of the long Ethernet 
cable 5504 is a connector in compliance with that phys- 
ical layer transmission scheme. 

This 1394 inter-connection cable is used by con- 
necting the 1394 connector 5501 to a desired 1394 bus 
to be connected, and connecting the FANP Ethernet 
switch 5003 at the connector 5505 side. The FANP 
Ethernet switch 5003 may have a plurality of connector 
insertion ports. 

As described above, the 1394 connector 5501 is 
connected to the half gateway 5503 through the rela- 
tively short dedicated 1394 cable 5502, so that the 
power supply to the half gateway 5503 can be made 
through the 1394 connector 5501 and the 1394 cable 
5502. Consequently, the system of Fig, 50 requires no 
special power supply (although the power supply to the 
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FANP Ethernet switch 5003 is basically necessary). 
From a viewpoint of a user who wishes to inter-connect 
two 1394 buses, this implies that the connection is basi- 
cally completed by simply connecting one end (5501) of 
the cable to a desired 1 394 bus to be connected and the 5 
other end (5505) of the cable to the FANP Ethernet 
switch 5003, so that the convenience regarding the con- 
necting operation can be improved remarkably. 

Also, a long cable (such as that of several hundred 
meters, for example) can be used as a cable for con- 10 
necting the half gateway 5503 and the FANP Ethernet 
switch 5003. so that it is very useful in a case of con- 
necting the 1394 buses which are far apart from each 
other. 

It should be apparent that the above described 15 
1394 inter-connection cable is not only applicable to a 
case of forming the connection between the 1394 half 
gateways as described above, but also to a case of real- 
izing the usual 1394 bridge in the half bridge configura- 
tion. In that case, the function of the 1 394 bridge can be 20 
realized by using the 1 394 address instead of the IP 
address, similarly as in the second embodiment. 

It is also to be noted that, in the second and third 
embodiments, the transmission scheme between the 
half gateways using the Ethernet has been described, 25 
but it is also possible to realize a case of using the other 
network such as token ring, FDD I, etc., without chang- 
ing the above described mechanism . 

(Fourth Embodiment > 30 

The second and third embodiments are directed to 
a case of the transmission scheme using the Ethernet, 
in which the datalink layer forwarding to the next hop 
FANP node (that is, the data forwarding/data switching 35 
to the next hop node by referring only to the datalink 
layer header) is carried out by using the destination 
Ethernet address as a virtual connection ID on this 
Ethernet. 

It is also possible to use the similar scheme in a 40 
case of using the ATM as the data transmission scheme 
between the half gateways. Here, however, unlike the 
case of using the Ethernet as the transmission scheme 
in which the destination Ethernet address is used as a 
virtual connection ID, the VPI/VCI of the ATM is to be 45 
used as a virtual connection ID. 

Fig. 51 shows a case of connecting the half gate- 
ways by the ATM transmission scheme in the home net- 
work system similar to that of the second embodiment 
shown in Fig. 33. Also, Fig. 52 shows an exemplary so 
internal configuration of each of the half gateways 6002 
and 6003 in Fig. 51 . 

Fig. 51 and Fig. 52 differ from those of the second 
embodiment in that the connection between the half 
gateways 6002 and 6003 is realized by the ATM trans- 55 
mission scheme so that VPI/VCI value is used as the 
virtual connection ID, that an originally defined VPIA/CI 
value recognized by both of the half gateways is 



reserved as the default VC (the meaning of which is the 
same as in the first embodiment), and that there is no 
limit on a length of the ATM cable. 

Fig. 53 shows a case of connecting the half gate- 
ways by the ATM transmission scheme in the home net- 
work system similar to that of the third embodiment 
shown in Fig. 45. Fig. 53 differs from Fig. 45 in that a 
FANP ATM switch 6203 is provided instead of the FANP 
Ethernet switch 5003. Also, Fig. 54 shows an exemplary 
internal configuration of the FANP ATM switch 6203 in 
Fig. 53. 

Fig. 53 and Fig. 54 differ from those of the third 
embodiment in that the connection between the half 
gateways 6202 and 6203 is realized by the ATM trans- 
mission scheme so that VPIA/CI value is used as the 
virtual connection ID, that an originally defined VPIA/CI 
value recognized by both of the half gateways is 
reserved as the default VC (the meaning of which is the 
same as in the first embodiment), and that there is no 
limit on a length of the ATM cable. In addition, an archi- 
tecture of the FANP ATM switch 6203 is new. 

Here, the default VC is terminated at the IP/FANP 
processing unit 6302 (see Fig. 54), and cells will pass 
through an ATM switch 6303 before they reaches to the 
IP/FANP processing unit 6302. 

Consequently, in order to establish a direct datalink 
layer connection, that is an ATM connection, between 
ATM interface units 6301 and 6304, the IP/FANP 
processing unit 6302 is required to have a function for 
making an appropriate setting for values of the header 
conversion table inside the ATM switch 6303, -and a 
function for directly connecting a specific ATM-VC of an 
ATM cable 6212 and a specific ATM-VC of an ATM cable 
6213 at the ATM layer. 

Note also that the realization of the connection 
between the half gateways according to the present 
invention encompasses not only the transmission 
schemes such as the Ethernet and ATM, but also the 
general connection-less and connection-oriented trans- 
mission schemes as well. 

XFifth Embodiment ) 

Next, with references to Fig. 55 to Fig. 57, the fifth 
embodiment of the present invention will be described 
in detail 

This fifth embodiment is directed to a case of apply- 
ing the scheme of the present invention as described 
above to the route setting and the bandwidth reserva- 
tion using the MAC address. 

Fig. 55 shows an exemplary overall configuration of 
a communication network system according to this fifth 
embodiment. As shown in Fig. 55, this communication 
network system comprises a transmitting terminal 8001 , 
a first gateway 8002, a second gateway 8003, a third 
gateway 8004, a receiving terminal 8005, an ATM net- 
work 8011, a first Ethernet 8012, a second Ethernet 
8013. and a 1394 bus 8014. 
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Here, it is assumed that the entire system consti- 
tutes a home network within the same home, similarly 
as in the first embodiment. Consequently, among the 
devices contained in this system, those which are the IP 
nodes are assumed to be belonging to the same IP sub- 
net. Here, this IP subnet is assumed to have an IP sub- 
net address N. However, unlike the second 
embodiment, two gateways (the second gateway 8003 
and the third gateway 8004) for connecting the first 
Ethernet, the second Ethernet and the 1394 bus are 
bridges, so that they may not necessarily have IP 
addresses (and they may not necessarily have IP 
processing units). The IP addresses of the nodes are 
assumed to be N. 1 for the transmitting terminal 8001 , 
N. 2 for the first gateway 8002. and N. 3 for the receiving 
terminal 8005. Also, the 1394 addresses and the Ether- 
net addresses of these nodes are as shown in Fig. 55. 

Here, the nodes (the third gateway 8004 and the 
receiving terminal 8005) connected with the 1394 bus 
8014 are also allocated with the MAC addresses. This 
can happen in several cases including the following. 

(1) A case in which the 1394 bus 8014 is emulating 
the IEEE 802 type network such as the Ethernet. 

(2) A case in which the MAC address is expressed 
by using a part of a region for the 1394 address. 

Namely, this embodiment uses the expression 
scheme in which "a value of EUI64 is expressed by the 
MAC address", for example. As such, it suffices to have 
a situation in which a node on the 1394 bus 8014 can be 
uniquely identified by using the MAC address. 

Each of the transmitting terminal 8001, the first 
gateway 8002, the second gateway 8003, the third gate- 
way 8004 and the receiving terminal 8005 of this 
embodiment is the FANP node which has the extended 
FANP function of the present invention, but it differs 
from the FANP node of the first embodiment in that it is 
also capable of carrying out the route setting and the 
bandwidth (communication resource) reservation by 
using the MAC address rather than the IP address. This 
feature will now be described in detail. 

The transmitting terminal 8001 has the same func- 
tions as the transmitting terminal 4001 of the second 
embodiment except that it is connected to the ATM net- 
work, so that its detailed description will be omitted 
here. 

The first gateway 8002 is a FANP node for inter- 
connecting the ATM network 801 1 and the first Ethernet 
801 2, which has the same functions as the half gateway 
(4002, 4003) of the second embodiment except that it 
transmits or receives FANP control messages in terms 
of the MAC addresses with respect to the direction of 
the first Ethernet 8012. 

The second gateway 8003 inter -connects the Eth- 
ernets while the third gateway 8004 inter-connects the 
Ethernet and the 1394 bus. and they crucially differ from 
the first gateway 8002 in that they are capable of carry- 



ing out the route setting and the bandwidth reservation 
by the MAC addresses rather than the IP addresses. 
Namely, the second gateway 8003 and the third gate- 
way 8004 are MAC address compatible FANP relay 
5 nodes. 

Each of the second gateway 8003 and the third 
gateway 8004 is a learning bridge having a function for 
learning the MAC address, which functions to refer to an 
input address of an entered frame (Ethernet frame. 

io 1394 asynchronous frame), and store it along an input 
port for a certain period of time. 

The receiving terminal 8005 is the IP terminal as 
well, and has functions for exchanging IP packets with 
the transmitting terminal 8001, and receiving video 

is delivered from the transmitting terminal 8001. It differs 
from the receiving terminal 4004 of the second embodi- 
ment in that this terminal also has a function for termi- 
nating the MAC address compatible FANP. 

Fig. 56 shows an exemplary internal configuration 

20 of the third gateway 8004. As shown in Fig. 56. the third 
gateway 8004 comprises an Ethernet interface unit 
8101. a first MUX/DEMUX 8102. an Ethernet/1394 
transfer unit 8103. a FANP processing unit 8104, a sec- 
ond MUX/DEMUX '8105, and an 1394 interface unit 

25 8106. 

The Ethernet interface unit 8101 is an interface with 
respect to the physically connected Ethernet, and car- 
ries out the encapsulation and decapsulation of data to 
be exchanged with the first MUX/DEMUX 8102 and the 

30 Ethernet frames. 

The first MUX/DEMUX 8102 has a function for 
referring to the protocol type field of the received Ether- 
net frame and transferring this frame to the FANP 
processing unit 8104 if it is described as the FANP 

35 frame in the protocol type field, or to the Ethernet/1394 
transfer unit 8103 otherwise. 

The FANP processing unit 8014 has functions for 
carrying out the routing based on the MAC address, the 
FANP processing, etc., for the received FANP packets. 

40 by referring to a table of correspondence between the 
MAC address and the output port provided inside the 
Ethernet/1394 transfer unit 8103. 

The Ethernet/1 394 transfer unit 81 04 has a function 
for attaching a specific Ethernet header to data received 

45 from the 1 394 side, especially data received through the 
isochronous channel, by using its isochronous channel 
number or the destination address with the specific reg- 
ister offset as a key, and transmitting it to the Ethernet 
side, and a function for transmitting data received from 

so the Ethernet side to a specific isochronous channel or 
the destination address with the specific register offset 
on the 1394 side by using its header information as a 
key, as well as a function of the learning bridge for for- 
warding frames according to the destination addresses 

55 (MAC addresses) of the frames while constantly updat- 
ing the internal table of correspondence between the 
MAC address and the output port. Namely, the data for- 
warding by this Ethernet/1394 transfer unit 8104 is car- 
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ried out by the datalink layer processing alone. Also, the 
correspondence table formed here becomes identical to 
that of Fig. 35 or Fig. 36. 

The 1394 interface unit 8106 carries out the physi- 
cal layer processing, the link layer processing, the bus s 
management, and the transaction layer processing of 
the 1394 with respect to the connected 1394 bus, and 
the exchanges of data (PDU from a viewpoint of the 
1394) with the FANP processing unit 8104 or the Ether- 
net/1 394 transfer unit 81 03 by passing the 1 394 frames to 
to be transmitted or received through the second 
MUX/DEMUX 8105. 

Note that the second MUX/DEMUX 8105 has a 
function for transferring the 1394 frame received from 
the 1394 interface unit 8106 to the FANP processing is 
unit 8104 if an information indicating that it is the FANP 
frame is described in that 1394 frame. 

Next, a case of transmitting video from the transmit- 
ting terminal 8001 to the receiving terminal 8005 will be 
described with reference to Fig. 57. 20 

First, the transmitting terminal 8001 transmits the 
ARP request packet to the ATM network 801 1 in order 
to carry out the address resolution for ascertaining the 
datalink layer address of the receiving terminal 8005 
from its IP address (step S5701). This ARP request is 25 
processed as the ATM-ARP within the ATM network 
8011. 

This ARP request is forwarded to the first Ethernet 
801 2 by the first gateway 8002. The first Ethernet 801 2, 
the second Ethernet 8013 and the 1394 bus 8014 are 30 
bridge connected so that this ARP request is broad- 
casted within these bridge connected networks and 
directly reaches to the receiving terminal 8005 (step 
S5702). 

The receiving terminal 8005 makes the ARP 35 
response directly to the first gateway 8002, and the first 
gateway 8002 makes the deputy ARP response to the 
transmitting terminal 8001. At this point, the first gate- 
way 8002 stores that the receiving terminal 8005 exists 
on the first Ethernet 8012 side (step S5703 and step 40 

55704) . 

Now, the transmitting terminal 8001 already recog- 
nizes that it is the FANP node itself and that what is to 
be transmitted from now on with respect to the receiving 
terminal 8005 is the video. Consequently, the transmit- 45 
ting terminal 8001 intends that the video to be transmit- 
ted from now on will be forwarded by the datalink 
processing alone without using the IP processing at the 
intermediate FANP nodes. 

To this end, after the confirmation of the initial set- so 
ting and the coding scheme using the IP packets and 
the confirmation of the video reception capability with 
respect to the receiving terminal 8005, the transmitting 
terminal 8001 proceeds to the video transmission prep- 
aration. 55 

First, the transmitting terminal 8001 carries out the 
ATM signaling so as to acquire an appropriate VC (step 

55705) . Then, the transmitting terminal 8001 carries out 



the FANP exchanges with respect to the first gateway 
8002 through that VC. Here, the exchanges to be car- 
ried out are the same as in the first embodiment (step 
S5706 to step S5709). 

Now, the first gateway 8002 describes both the des- 
tination IP address and the destination MAC address in 
the propose message (step S5710). 

The second gateway 8003 which is the receiving 
FANP node here is the FANP node compatible only with 
the MAC address, so that the second gateway 8003 
refers to the MAC address field. Then, in order to notify 
that It is the FANP node compatible only with the MAC 
address, the second gateway 8003 returns the propose 
ACK message to the first gateway 8002 by describing 
only the MAC address (step S571 1). 

The first gateway 8002 that received this propose 
ACK message can ascertain that the downstream side 
FANP node wishes the FANP by the MAC address. 
Consequently, the first gateway 8002 transmits the offer 
message containing the destination MAC address to the 
second gateway 8003 which is the neighboring FANP. 
node. This operation may be realized by setting the 
MAC address of the receiving terminal 8005 as the des- 
tination MAC address of the offer message, or by pro- 
viding a new optional field in the FANP message (step 
S5712). 

The second gateway 8003 takes the FANP mes- 
sage into the FANP processing unit by referring to the 
protocol type field of the Ethernet frame. 

In this manner, the FANP processing is sequentially- 
carried out up to the receiving terminal 8005 and the re- 
direct message is transmitted backwards sequentially, 
so as to complete the set up at each gateway. Finally, 
the transmitting terminal 8001 which received the re- 
direct message starts the video data transmission. By 
the above procedure, the reservation of the communica- 
tion resource in the intermediate routes is carried out 
similarly as in the first to fourth embodiments, so that it 
becomes possible to realize the video data delivery 
while guaranteeing the communication quality. 

Here, the At the first Ethernet 8012 and the second 
Ethernet 8013. the dedicated MAC address for video 
may be acquired as in the second embodiment, but it is 
also possible to carry out the bandwidth reservation by 
directly using the original MAC address (M. 2 in this 
case). In such a case, at the first Ethernet 8012 and the 
second Ethernet 8013, all the Ethernet frames with the 
MAC address destined to the receiving terminal 8005 
described in the destination field will be frames for 
which the communication quality requested by the inter- 
mediate bridges (the second gateway 8003 and the 
third gateway 8004) is guaranteed. 

Namely, the present invention uses a mechanism 
which is capable of reserving the necessary communi- 
cation quality for each destination MAC address, even in 
a simple bridge connection type network. Also, this 
mechanism is a very flexible one in that the routing con- 
trol and the communication quality reservation as well 
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as the corresponding datalink layer control and connec- 
tion can be realized end-to-end, in an environment in 
which the bridges and the routers, the IP address com- 
patible FANP nodes, etc., are mixedly present (as in the 
first or fifth embodiment). 

Note that the five embodiments described above 
are mainly directed to the control based on the IP 
address. However, it should be apparent that the 
present invention is equally applicable to any address 
system that can bundle all kinds of networks, such as 
E.164. Colba, JAVA and extended OLE. 

Note also that the present invention has been 
described above with the current Internet (i.e. IPv4) in 
mind, but it should be apparent that the present inven- 
tion is equally valid in the next generation Internet (i.e. 
IPv6). 

As described, when a network is formed by con- 
necting the communication terminal devices, relay 
devices, IEEE 1394 inter-connection cable according to 
the present invention, it becomes possible to realize a 
large scale and multifarious (i.e. capable of using vari- 
ous networks) implementation of the home network 
containing the 1394 bus. Moreover, this scheme has a 
great affinity with the public network and the Internet. 

It is to be noted that, besides those already men- 
tioned above, many modifications and variations of the 
above embodiments may be made without departing 
from the novel and advantageous features of the 
present invention. Accordingly, all such modifications 
and variations are intended to be included within the 
scope of the appended claims. 

Claims 

1 . A data transmitting node connected with a physical 
network, comprising: 

a first transmission unit for transmitting a 
control message in a case of transmitting infor- 
mation data to a receiving node through con- 
nected with the physical network or another 
physical network, the control message 
including an IP address information of a data 
transmission destination, a header/channel 
information dependent on the physical net- 
work, and an information indicating that the 
information data to be transmitted according to 
the header/channel information is data in an 
upper layer of an IP layer; and 
a second transmission unit for transmitting the 
information data to the receiving node, the 
information data containing the header/channel 
information and data of the upper layer without 
IP packet encapsulation. 

2. The data transmitting node of claim 1, wherein the 
control message commands to a network inter-con- 
nection node for connecting said physical network 



and a next physical network a registration of a cor- 
respondence between the header/channel informa- 
tion dependent on said physical network and a 
header/channel information dependent on the next 
5 physical network. 

3. The data transmitting node of claim 1 , further com- 
prising: 

w a reception unit for receiving digital video 

and/or digital audio data; 

wherein the second transmission unit 
transmits the digital video and/or digital audio 
data received by the reception unit as the infor- 
ms mation data, by formatting the digital video 
and/or digital audio data into a transmission 
format for said physical network. 

4. A network inter -connection node for transmitting 
20 information data received from one physical net- 
work to another physical network, comprising: 

a reception unit for receiving a first control mes- 
sage from said one physical network, the first 

25 control message containing an IP address 

information of a data transmission destination, 
a first header/channel information dependent 
on said one physical network, and an informa- 
tion indicating that an information data to be 

30 transmitted according to the first header/chan- 

nel information is data in an upper layer of a 
protocol layer corresponding to the IP address 
information; 

a first transmission unit for transmitting a sec- 
35 ond control message to said another physical 

network when the reception unit receives the 
first control message, the second control mes- 
sage containing the IP address information, a 
second header/channel information dependent 
40 on said another physical network which is 

obtained from the IP address information, and 
the information indicating that the information 
data to be transmitted according to the second 
header/channel information is data in the upper 
45 layer; 

a memory unit for storing a correspondence 
between the first header/channel information 
and the second header/channel information; 
and 

so a second transmission unit for obtaining the 

second header/channel information corre- 
sponding to the first header/channel informa- 
tion according to the correspondence stored in 
the memory unit when the information data 

55 containing the first header/channel information 

is received from said one physical network, 
attaching the second header/channel informa- 
tion to the information data, and transmitting 
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the information data to said another physical 
network, the information data containing data 
of the upper layer without IP packet encapsula- 
tion. 

5 

The network inter-connection node of claim 4, 
wherein the first control message commands a reg- 
istration of a correspondence between the first 
header/channel information and the second 
header/channel information, and w 

the second control message commands to a 
receiving node or a network inter-connection node 
for connecting said another physical network and a 
third physical network a registration of a corre- 
spondence between the second header/channel 15 
information and a header/channel information 
dependent on said third physical network. 

A data transmitting node connected with a physical 
network, comprising: 20 

a first transmission unit for transmitting a con- 
trol message in a case of transmitting informa- 
tion data to a receiving node connected with 
the physical network or another physical net- 25 
work, the control message including an IP 
address information of a data transmission 
destination, a header/channel information 
dependent on the physical network, and an 
information indicating a required communica- 30 
tion resource; and 

a second transmission unit for transmitting the 
information data containing the header/channel 
information for which the required communica- 
tion resource is reserved, to the receiving 35 
node. 

The data transmitting node of claim 6, wherein the 
control message commands to a network inter-con- 
nection node for connecting said physical network 40 
and a next physical network a registration of a cor- 
respondence between the header/channel informa- 
tion dependent on said physical network and a 
header/channel information dependent on the next 
physical network for which the required communi- 45 
cation resource is reserved. 

The data transmitting node of claim 6, further com- 
prising: 

50 

a reception unit for receiving digital video 
and/or digital audio data; 

wherein the second transmission unit 
transmits the digital video and/or digital audio 
data received by the reception unit as the infor- 55 
mation data, by formatting the digital video 
and/or digital audio data into a transmission 
format for said physical network. 



9. A network inter-connection node for transmitting 
information data received from one physical net- 
work to another physical network, comprising: 

a reception unit for receiving a first control mes- 
sage from said one physical network, the first 
control message containing an IP address 
information of a data transmission destination, 
a first header/channel information dependent 
on said one physical network, and an informa- 
tion indicating a required communication 
resource; 

a first transmission unit for transmitting a sec- 
ond control message to said another physical 
network when the reception unit receives the 
first control message, the second control mes- 
sage containing a second header/channel 
information dependent on said another physi- 
cal network which is obtained from the IP 
address information, and the information indi- 
cating the required communication resource; 
an establishing unit for establishing a commu- 
nication path with respect to a receiving node 
or a next network inter-connection node for 
connecting said another physical network and 
a third physical network, the communication 
path having the second header/channel infor- 
mation with the required communication 
resource; 

a memory unit for storing a correspondence 
between the first header/channel information 
and the second header/channel information; 
and 

a second transmission unit for obtaining the 
second header/channel information corre- 
sponding to the first header/channel informa- 
tion according to the correspondence stored in 
the memory unit when the information data 
containing the first header/channel information 
is received from said one physical network, 
attaching the second header/channel informa- 
tion to the information data, and transmitting 
the information data to said another physical 
network. 

10. The network inter-connection node of claim 9, 
wherein the first control message commands a reg- 
istration of a correspondence between the first 
header/channel information and the second 
header/channel information, and 

the second control message commands to 
the receiving node or the next network inter-con- 
nection node a registration of a correspondence 
between the second header/channel information 
and a header/channel information dependent on 
said third physical network. 

11. A data transmitting node connected with a physical 
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1 2. The data transmitting node of claim 1 1 , wherein the 
control message commands to a network inter-con- 20 
nection node for connecting said physical network 
and a next physical network a registration of a cor- 
respondence between the header/channel informa- 
tion dependent on said physical network and the 
header/channel information dependent on the next 25 
physical network. 

13. The data transmitting node of claim 11, further 
comprising: 

30 

a reception unit for receiving digital video 
and/or digital audio data; 

wherein the second transmission unit 
transmits the digital video and/or digital audio 
data received by the reception unit as the infor- 35 
mation data, by formatting the digital video 
and/or digital audio data into said format. 

14. A network inter-connection node for transmitting 
information data received from one physical net- 40 
work to another physical network, comprising: 



obtained from the address information, and the 
information on a format of the information data 
to be transmitted according to the second 
header/channel information; 
a memory unit for storing a correspondence 
between the first header/channel information 
and the second header/channel information; 
a conversion unit for converting a transmission 
format of the information data to be transmitted 
from a transmission format in the said one 
physical network to a transmission format in 
said another physical network; and 
a second transmission unit for obtaining the 
second header/channel information corre- 
sponding to the first header/channel informa- 
tion according to the correspondence stored in 
the memory unit when the information data 
containing the first header/channel information 
is received from said one physical network, 
attaching the second header/channel informa- 
tion to the information data, and transmitting 
the information data to said another physical 
network. 

15. The network inter-connection node of claim 14, 
wherein the first control message commands a reg- 
istration of a correspondence between the first 
header/channel information and the second 
header/channel information, and 

the second control message commands to a 
receiving node or a network inter-connection node 
for connecting said another physical network and a 
third physical network a registration of a corre- 
spondence between the second header/channel 
information and a header/channel information 
dependent on said third physical network. 

16. The network inter-connection node, of claim 14, 
wherein the information data to be transmitted by 
the second transmission unit is MPEG data, and 
the conversion unit converts the transmission for- 
mat of the MPEG data from a transmission format 
for the MPEG data in said one physical network to 
a transmission format for the MPEG data in said 
another physical network. 

17. A data transmitting node connected with an IEEE 
1394 bus, comprising: 

a first transmission unit for transmitting a con- 
trol message in a case of transmitting informa- 
tion data to a receiving node connected with 
another physical network, the control message 
including an address information of a data 
transmission destination, and an isochronous 
channel number or a register offset indicating 
an isochronous channel of said IEEE 1 394 bus; 
and 



a reception unit for receiving a first control mes- 
sage from said one physical network, the first 
control message containing an address infor- 45 
mation of a data transmission destination, a 
first header/channel information dependent on 
said one physical network, and an information 
on a format of the information data to be trans- 
mitted according to the first header/channel so 
information; 

a first transmission unit for transmitting a sec- 
ond control message to said another physical 
network when the reception unit receives the 
first control message, the second control mes- ss 
sage containing the address information, a 
second header/channel information dependent 
on said another physical network which is 



network, comprising: 

a first transmission unit for transmitting a 
control message in a case of transmitting infor- 
mation data to a receiving node connected with s 
the physical network or another physical 
network, the control message including an IP 
address information of a data transmission 
destination, a header/channel information de- 
pendent on the physical network, and an infor- 10 
mation on a format of the information data to be 
transmitted according to the header/channel 
information; and 

a second transmission unit for transmitting the 
information data in said format which contains 15 
the header/channel information, to the receiv- 
ing node. 
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a second transmission unit for transmitting the 
information data in forms of IEEE 1394 packets 
containing the isochronous channel number or 
the register offset, onto the isochronous chan- 
nel. 5 

18. The data transmitting node of claim 1 7, wherein the 
control message commands to a network inter-con- 
nection node for connecting said IEEE 1394 bus 
and a next physical network a registration of a cor- w 
respondence between the isochronous channel 
number ot the register offset and a header/channel 
information dependent on the next physical net- 
work. 

15 

19. The data transmitting node of claim 17, further 
comprising: 



20. A network inter-connection node for connecting at 
least two physical networks including an IEEE 1394 
bus and transmitting an information data received 30 
from one physical network to another physical net- 
work, comprising: 

a reception unit for receiving a first control mes- 
sage from said one physical network, the first 35 
control message containing an address infor- 
mation of a data transmission destination, and 
a first header/channel information dependent 
on said one physical network; 
a first transmission unit for transmitting a sec- 40 
ond control message to said another physical 
network when the reception unit receives the 
first control message, the second control mes- 
sage containing the address information and a 
second header/channel information dependent 45 
on said another physical network which is 
obtained from the address information; 
a memory unit for storing a correspondence 
between the first header/channel information 
and the second header/channel information, at so 
least one of the first header/channel informa- 
tion and the second header/channel informa- 
tion including an isochronous channel number 
or a register offset indicating an isochronous 
channel of the IEEE 1394 bus; and 55 
a second transmission unit for obtaining the 
second header/channel information corre- 
sponding to the first header/channel informa- 



tion according to the correspondence stored in 
the memory unit when the information data 
containing the first header/channel information 
is received from said one physical network, 
attaching the second header/channel informa- 
tion to the information data, and transmitting 
the information data to said another physical 
network. 

21. The network inter-connection node of claim 20, 
wherein said another physical network is an Ether- 
net or a token ring or a FDDI, and the second 
header/channel information indicates a MAC 
address. 

22. The network inter-connection node of claim 20, 
wherein said one physical network is an Ethernet or 
a token ring or a FDDI, and the first header/channel 
information indicates a MAC address. 

23. The network inter-connection node of claim 20, 
wherein said another physical network is an ATM 
network, and the second header/channel informa- 
tion indicates a VPIA/CI. 

24. The network inter-connection node of claim 20, 
wherein said one physical network is an ATM net- 
work, and the first header/channel information indi- 
cates a VPIA/CI. 

25. A data transmitting node connected with a network, 
comprising: 

a first transmission unit for transmitting a con- 
trol message in a case of transmitting informa- 
tion data to a receiving node connected with 
another network, the control message includ- 
ing a first MAC address information of a data 
transmission destination, and a second MAC. 
address information to be attached to the infor- 
mation data; and 

a second transmission unit for transmitting the 
information data containing the second MAC 
address information, to the receiving node. 

26. The data transmitting node of claim 25, wherein the 
control message commands to a network inter-con- 
nection node for connecting said network and a 
next network a registration of a correspondence 
between the second MAC address information and 
a header/channel information dependent on the 
next network. 

27. The data transmitting node of claim 25, further 
comprising: 

a reception unit for receiving digital video 
and/or digital audio data; 



a reception unit for receiving digital video 
and/or digital audio data; 20 

wherein the second transmission unit 
transmits the digital video and/or digital audio 
data received by the reception unit as the infor- 
mation data, by formatting the digital video 
and/or digital audio data into an IEEE 1394 25 
transmission format. 
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wherein the second transmission unit 
transmits the digital video and/or digital audio 
data received by the reception unit as the infor- 
mation data, by formatting the digital video 
and/or digital audio data into a transmission 5 
format for said network. 

28. A network inter-connection node for transmitting 
information data received from one network to 
another network, comprising: 10 

a reception unit for receiving a first control mes- 
sage from said one network the first control 
message containing a first MAC address infor- 
mation of a data transmission destination, and 15 
a second MAC address information; 
a first transmission unit for transmitting a sec- 
ond control message to said another network 
when' the reception unit receives the first con- 
trol message, the second control message 20 
containing the first MAC address information, 
and a third MAC address information which is 
obtained from the first MAC address informa- 
tion; 

a memory unit for storing a correspondence 25 
between the second MAC address information 
and the third MAC address information; and 
a second transmission unit for obtaining the 
third MAC address information corresponding 
to the second MAC address information 30 
according to the correspondence stored in the 
memory unit when the information data con- 
taining the second MAC address information is 
received from said one network, attaching the 
third MAC address information to the informa- 35 
tion data, and transmitting the information data 
to said another network. 

29. A network inter-connection node for connecting at 
least two physical networks, comprising: 40 



address or a network address contained in the 
first address resolution response; and 
a response transmitting unit for transmitting to 
the first physical network a second address 
resolution response corresponding to the 
address resolution request received by the 
request receiving unit, by inserting a datalink 
layer address of said network inter-connection 
node device as a resolved address. 

30. The network inter-connection node device of claim 
29, further comprising: 

a transfer unit for transferring a received packet 
to a physical network registered in the routing 
table, according to a network layer destination 
address of the received packet. 

31. The network inter-connection node device of claim 
29, wherein the response transmitting unit activates 
the forwarding unit when a network layer address 
contained in the address resolution request 
received from the first physical network is not a net- 
work layer address of said network inter-connection 
node device and not registered in the routing table, 
and transmits the second address resolution 
response otherwise. 

32. The network inter-connection node device of claim 
29, wherein the first physical network and the sec- 
ond physical network are operated by different 
datalink protocols. 

33. A method of data transmission at a data transmit- 
ting node connected with a physical network, com- 
prising the steps of: 

(a) transmitting a control message in a case of 
transmitting information data to a receiving 
node connected with the physical network or 
another physical network, the control message 
including an IP address information of a data 
transmission destination, a header/channel 
information dependent on the physical net- 
work, and an information indicating that the 
information data to be transmitted according to 
the header/channel information is data in an 
upper layer of an IP layer; and 

(b) transmitting the information data to the 
receiving node, the information data containing 
the header/channel information and data of the 
upper without IP packet encapsulation. 

34. The method of claim 33, wherein the control mes- 
sage commands to a network inter-connection 
node for connecting said physical network and a 
next physical network a registration of a corre- 
spondence between the header/channel informa- 



a request receiving unit for receiving from a first 
physical network an address resolution request 
for resolving a datalink layer address from a 
network layer address; 45 
a forwarding unit for forwarding the address 
resolution request with respect to a connected 
physical network other than the first physical 
network; 

a response receiving unit for receiving from a so 
second physical network a first address resolu- 
tion response corresponding to the address 
resolution request forwarded by the forwarding 
unit; 

a registration unit for registering a correspond- 55 
ence between the network layer address and 
the second physical network into a routing 
table, by referring to a network layer source 
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tion dependent on said physical network and a 
header/channel information dependent on the next 
physical network. 

35. The method of claim 33, further comprising the step 5 
of: 

(c) receiving digital video and/or digital audio 
data; 

wherein the step (b) transmits the digital w 
video and/or digital audio data received by the 
step (c) as the information data, by formatting 
the digital video and/or digital audio data into a 
transmission format for said physical network. 

15 

36. A method of data transmission at a network inter- 
connection node for transmitting information data 
received from one physical network to another 
physical network, comprising the steps of: 

20 

(a) receiving a first control message from said 
one physical network, the first control message 
containing an IP address information of a data 
transmission destination, a first header/chan- 
nel information dependent on said one physical 25 
network, and an information indicating that an 
information data to be transmitted according to 

the first header/channel information is data in 
an upper layer of a protocol layer correspond- 
ing to the IP address information; 30 

(b) transmitting a second control message to 
said another physical network when the step 
(a) receives the first control message, the sec- 
ond control message containing the IP address 
information, a second header/channel informa- 35 
tion dependent on said another physical net- 
work which is obtained from the IP address 
information, and the information indicating that 

the information data to be transmitted accord- 
ing to the second header/channel information 40 
is data in the upper layer; 

(c) storing a correspondence between the first 
header/channel information and the second 
header/channel information; and 

(d) obtaining the second header/channel infor- 45 
mation corresponding to the first header/chan- 
nel information according to the 
correspondence stored by the step (c) when 

the information data containing the first 
header/channel information is received from so 
said one physical network, attaching the sec- 
ond header/channel information to the informa- 
tion data, and transmitting the information data 
to said another physical network, the informa- 
tion data containing data of the upper layer 55 
without IP packet encapsulation. 

37. The method of claim 36. wherein the first control 



message commands a registration of a correspond- 
ence between the first header/channel information 
and the second header/channel information, and 

the second control message commands to a 
receiving node or a network inter-connection node 
for connecting said another physical network and a 
third physical network a registration of a corre- 
spondence between the second header/channel 
information and a header/channel information 
dependent on said third physical network. 

38. A method of data transmission at a data transmit- 
ting node connected with a physical network, com- 
prising the steps of: 

(a) transmitting a control message in a case of 
transmitting information data to a receiving 
node connected with the physical network or 
another physical network, the control message 
including an IP address information of a data 
transmission destination, a header/channel 
information dependent on the physical net- 
work, and an information indicating a required 
communication resource; and 

(b) transmitting the information data containing 
the header/channel information for which the 
required communication resource is reserved, 
to the receiving node. 

39. The method of claim 38, wherein the control mes- 
sage commands to a network inter-connection 
node for connecting said physical network and a 
next physical network a registration of a corre- 
spondence between the header/channel informa- 
tion dependent on said physical network and a 
header/channel information dependent on the next 
physical network for which the required communi- 
cation resource is reserved. 

40. The method of claim 38, further comprising the step 
of: 

(c) receiving digital video and/or digital audio 
data; 

wherein the step (b) transmits the digital 
video and/or digital audio data received by the 
step (c) as the information data, by formatting 
the digital video and/or digital audio data into a 
transmission format for said physical network. 

41. A method of data transmission at a network inter- 
connection node for transmitting information data 
received from one physical network to another 
physical network, comprising the steps of: 

(a) receiving a first control message from said 
one physical network, the first control message 
containing an IP address information of a data 
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transmission destination, a first header/chan- 
nel information dependent on said one physical 
network, and an information indicating a 
required communication resource; 

(b) transmitting a second control message to s 
said another physical network when the step 
(a) receives the first control message, the sec- 
ond control message containing a second 
header/channel information dependent on said 
another physical network which is obtained w 
from the IP address information, and the infor- 
mation indicating the required communication 
resource; 

(c) establishing a communication path with 
respect to a receiving node or a next network is 
inter-connection node for connecting said 
another physical network and a third physical 
network, the communication path having the 
second header/channel information with the 
required communication resource; 20 

(d) storing a correspondence between the first 
header/channel information and the second 
header/channel information; and 

(e) obtaining the second header/channel infor- 
mation corresponding to the first header/chan- 25 
nel information according to the 
correspondence stored by the step (d) when 

the information data .containing the first 
header/channel information is received from 
said one physical network, attaching the sec- 30 
ond header/channel information to the informa- 
tion data, and transmitting the information data 
to said another physical network. 



42. The method of claim 41, wherein the first control 35 
message commands a registration of a correspond- 
ence between the first header/channel information 
and the second header/channel information, and 

the second control message commands to 
the receiving node or the next network inter-con- 40 
nection node a registration of a correspondence 
between the second header/channel information 
and a header/channel information dependent on 
said third physical network. 

45 

43. A method of data transmission at a data transmit- 
ting node connected with a physical network, com- 
prising the steps of: 

(a) transmitting a control message in a case of so 
transmitting information data to a receiving 
node connected with the physical network or 
another physical network, the control message 
including an IP address information of a data 
transmission destination, a header/channel 55 
information dependent on the physical net- 
work, and an information on a format of the 
information data to be transmitted according to 



the header/channel information; and 

(b) transmitting the information data in said for- 
mat which contains the header/channel infor- 
mation, to the receiving node. 

44. The method of claim 43, wherein the control mes- 
sage commands to a network inter-connection 
node for connecting said physical network and a 
next physical network a registration of a corre- 
spondence between the header/channel informa- 
tion dependent on said physical network and the 
header/channel information dependent on the next 
physical network. 

45. The method of claim 43, further comprising the step 
of: 

(c) receiving digital video and/or digital audio 
data; 

wherein the step (b) transmits the digital 
video and/or digital audio data received by the 
step (c) as the information data, by formatting 
the digital video and/or digital audio data into 
said format. 

46. A method of data transmission at a network inter- 
connection node for transmitting information data 
received from one physical network to another 
physical network, comprising the steps of: 

(a) receiving a first control message from said 
one physical network, the first control message 
containing an address information of a data 
transmission destination, a first header/chan- 
nel information dependent on said one physical 
network, and an information on a format of the 
information data to be transmitted according to 
the first header/channel information; 

(b) transmitting a second control message to 
said another physical network when the step 
(a) receives the first control message, the sec- 
ond control message containing the address 
information, a second header/channel informa- 
tion dependent on said another physical net- 
work which is obtained from the address 
information, and the information on a format of 
the information data to be transmitted accord- 
ing to the second header/channel information; 

(c) storing a correspondence between the first 
header/channel information and the second 
header/channel information; 

(d) converting a transmission format of the 
information data to be transmitted from a trans- 
mission format in the said one physical network 
to a transmission format in said another physi- 
cal network; and 

(e) obtaining the second header/channel infor- 
mation corresponding to the first header/chan- 
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nel information according to the 
correspondence stored by the step (c) when 
the information data containing the first 
header/channel information is received from 
said one physical network, attaching the sec- 5 
ond header/channel information to the informa- 
tion data, and transmitting the information data 
to said another physical network. 

47. The method of claim 46, wherein the first control w 
message commands a registration of a correspond- 
ence between the first header/channel information 
and the second header/channel information, and 

the second control message commands to a 
receiving node or a network inter-connection node is 
for connecting said another physical network and a 
third physical network a registration of a corre- 
spondence between the second header/channel 
information and a header/channel information 
dependent on said third physical network. 20 

48. The method of claim 46, wherein the information 
data to be transmitted by the step (d) is MPEG data, 
and the step (e) converts the transmission format of 

the MPEG data from a transmission format for the 25 
MPEG data in said one physical network to a trans- 
mission format for the MPEG data in said another 
physical network. 

49. A method of data transmission at a data transmit- 30 
ting node connected with an IEEE 1394 bus, com- 
prising the steps of: 

(a) transmitting a control message in a case of 
transmitting information data to a receiving 35 
node connected with another physical network, 

the control message including an address 
information of a data transmission destination, 
and an isochronous channel number or a regis- 
ter offset indicating an isochronous channel of 40 
said IEEE 1394 bus; and 

(b) transmitting the information data in forms of 
IEEE 1394 packets containing the isochronous 
channel number or the register offset, onto the 
isochronous channel. 45 

50. The method of claim 49, wherein the control mes- 
sage commands to a network inter-connection 
node for connecting said IEEE 1394 bus and a next 
physical network a registration of a correspondence so 
between the isochronous channel number or the 
register offset and a header/channel information 
dependent on the next physical network. 

51 . The method of claim 49, further comprising the step ss 
of: 

(c) receiving digital video and/or digital audio 



data: 

wherein the step (b) transmits the digital 
video and/or digital audio data received by the 
step (c) as the information data, by formatting 
the digital video and/or digital audio data into 
an IEEE 1394 transmission format. 

52. A method of data transmission at a network inter- 
connection node for connecting at least two physi- 
cal networks including an IEEE 1394 bus and trans- 
mitting an information data received from one 
physical network to another physical network, com- 
prising the steps of: 

(a) receiving a first control message from said 
one physical network, the first control message 
containing an address information of a data 
transmission destination, and a first 
header/channel information dependent on said 
one physical network; 

(b) transmitting a second control message to 
said another physical network when the step 
(a) receives the first control message, the sec- 
ond control message containing the address 
information and a second header/channel 
information dependent on said another physi- 
cal network which is obtained from the address 
information; 

(c) storing a correspondence between the first 
header/channel information and the second 
header/channel information, at least one of the 
first header/channel information and the sec- 
ond header/channel information including an 
isochronous channel number or a register off- 
set indicating an isochronous channel or the 
IEEE 1394 bus; and 

(d) obtaining the second header/channel infor- 
mation corresponding to the first header/chan- 
nel information according to the 
correspondence stored by the step (c) when 
the information data containing the first 
header/channel information is received from 
said one physical network, attaching the sec- 
ond header/channel information to the informa- 
tion data, and transmitting the information data 
to said another physical network. 

53. The method of claim 52, wherein said another 
physical network is an Ethernet or a token ring or a 
FDDI, and the second header/channel information 
indicates a MAC address. 

54. The method of claim 52, wherein said one physical 
network is an Ethernet or a token ring or a FDDI, 
and the first header/channel information indicates a 
MAC address. 

55. The method of claim 52, wherein said another 
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physical network is an ATM network, and the sec- 
ond header/channel information indicates a 
VPI/VCI. 

56. The method of claim 52, wherein said one physical s 
network is an ATM network, and the first 
header/channel information indicates a VPI/VCL 

57. A method of data transmission at a data transmit- 
ting node connected with a network, comprising the io 
steps of: 

(a) transmitting a control message in a case of 
transmitting information data to a receiving 
node connected with another network, the con- 15 
trol message including a first MAC address 
information of a data transmission destination, 
and a second MAC address information to be 
attached to the information data; and 

(b) transmitting the information data containing 20 
the second MAC address information, to the 
receiving node. 

58. The method of claim 57, wherein the control mes- 
sage commands to a network inter -connection 25 
node for connecting said network and a next net- 
work a registration of a correspondence between 

the second MAC address information and a 
header/channel information dependent on the next 
network. 30 

59. The method of claim 57, further comprising the step 
of: 

(c) receiving digital video and/or digital audio 35 
data: 

wherein the step (b) transmits the digital 
video and/or digital audio data received by the 
step (c) as the information data, by formatting 
the digital video and/or digital audio data into a 40 
transmission format for said network. 

60. A method of data transmission at a network inter- 
connection node for transmitting information data 
received from one network to another network, 45 
comprising the steps of: 

(a) receiving a first control message from said 
one network, the first control message contain- 
ing a first MAC address information of a data so 
transmission destination, and a second MAC 
address information; 

(b) transmitting a second control message to 
said another network when the step (a) 
receives the first control message, the second 55 
control message containing the first MAC 
address information, and a third MAC address 
information which is obtained from the first 



MAC address information; 

(c) storing a correspondence between the sec- 
ond MAC address information and the third 
MAC address information; and 

(d) obtaining the third MAC address informa- 
tion corresponding to the second MAC address 
information according to the correspondence 
stored by the step (c) when the information 
data containing the second MAC address infor- 
mation is received from said one network, 
attaching the third MAC address information to 
the information data, and transmitting the infor- 
mation data to said another network. 

61. A method for connecting at least two physical net- 
works at a network inter-connection node, compris- 
ing the steps of: 

(a) receiving from a first physical network an 
address resolution request for resolving a data- 
link layer address from a network layer 
address; 

(b) forwarding the address resolution request 
with respect to a connected physical network 
other than the first physical network; 

(c) receiving from a second physical network a 
first address resolution response correspond- 
ing to the address resolution request forwarded 
by the step (b); 

(d) registering a correspondence between the 
network layer address and the second physical 
network into a routing table, by referring to a 
network layer source address or a network 
addrees contained in the first address resolu- 
tion response; and 

(e) transmitting to the first physical network a 
second address resolution response corre- 
sponding to the address resolution request 
received by the step (a), by inserting a datalink 
layer address of said network inter-connection 
node device as a resolved address. 

62. The method of claim 61, further comprising the 
steps of: 

(f) transferring a received packet to a physical 
network registered in the routing table, accord- 
ing to a network layer destination address of 
the received packet. 

63. The method of claim 61, wherein the step (e) acti- 
vates the step (b) when a network layer address 
contained in the address resolution request 
received from the first physical network is not a net- 
work layer address of said network inter-connection 
node device and not registered in the routing table, 
and transmits the second address resolution 
response otherwise. 
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64. The method of claim 61, wherein the first physical 
network and the second physical network are oper- 
ated by different datalink protocols. 
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